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ABSTRACT
An interdependent relationship exists between localized sources of contamination and 
coastal processes. With suitable mechanisms of transport, direct and indirect sources 
of pollution can negatively impact surface water quality. Public concern prompted a 
comprehensive investigation of factors contributing to bathing water quality failures 
at Racine, WI, US. From June 2002 - October 2004 samples were collected from 
water (ground, river, storm, surface) and sediments (submerged, foreshore, nearshore, 
backshore) and analyzed for the presence of Escherichia coli (membrane frltration/m- 
TEC agar or DST/Colilert-18®) and enterococci (membrane filtration/mEI agar and 
DST/Enterolert®). In conjunction with microbial analysis, ambient conditions [wind 
speed/direction, wave height, surface water temperature, precipitation, presence of 
seagulls and algae (Cladophora)] were recorded to determine if  significant correlation 
existed between specific events and an influx of bacterial contamination. E. coli as 
determined by DST was found to be the most relevant indicator for microbial 
assessment and the compositing of multiple samples increased sampling reliability. 
The most frequent contamination sources were storm water (direct) and near shore 
beach sands (indirect). Algae and seagulls, while found to contain significant 
amounts of E. coli and enterococci, were not significantly associated with bathing 
water quality failures. The most frequent triggers of bathing water quality failures {E. 
coli >235/100 ml) were wave height (> 0.3 m), wind direction (vector east), and 
antecedent precipitation (surface water temperature had no impact). Failures were 
scrutinized using both the USEPA risk factor and the classification scheme as set 
forth in the Annapolis Protocol (AP) to compare methods for estimating health risk. 
While the USEPA risk factor eliminated some unnecessary postings, the AP
classification scheme provided the framework necessary to remediate contamination 
sources. The institution of a US classification system, inclusive of microbial 
assessment, would allow regulators to craft alternative approaches for beach 
management that may permanently reduce bathing water quality advisories.
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CHAPTER 1 -  INTRODUCTION AND SITE DESCRIPTION
1.1 Introduction
Human well-being and progress towards sustainable development are vitally 
dependent upon improving the management of Earth’s ecosystems to ensure their 
conservation and sustainable use; without this preservation services will be 
diminished including those nonmaterial benefits, such as recreation and ecotourism, 
obtained from these ecosystems (Millennium Ecosystem Assessment -  
http://www.milleniumassessment.org/en/index.asp, last accessed 16^  ^January 2005). 
Marine, coastal and inland ecosystems are constantly challenged as forests are 
converted to agricultural land and agricultural land becomes increasingly urbanized. 
The removal of natural buffering systems such as wetlands can have adverse impacts 
on coastal and human health through the alteration of natural chemical (carbon, 
nitrogen, phosphorous and sulfur) cycles (UNECE -  The Protocol on Water and 
Health, http://www.unece.org/env/documents/2000/wat/mp.wat.2000.1 .e.pdf, last 
accessed 16* January 2005). For example, influxes of phosphorous, a common 
constituent of lawn fertilizer, can result in eutrophication of lakes and streams and 
contribute to an increase in phytoplankton and aquatic plants, such as algal blooms 
(http://www.csiro.au/index.asp?tvpe=faq&id=AlgalBlooms, last accessed 16* January 
2005). An increase in population also potentially increases pollution (Jackson 2000) 
through storm water and sewage discharges (Kay and McDonald 1986, Bartram and 
Rees 2000a, Jensen and McLellan 2005, in press). Algal blooms have been speculated 
to (Whitman et al 2003b), and sewage discharges have been proven to (Cabelli et al
1975), contribute to an increase in bathing water quality failures in some cases 
depriving people of recreational use of these water bodies and in others increasing the 
potential risk to human health for exposed bathers. The loss of recreational use of our 
bodies of water can have an economic impact as well as create public dissatisfaction 
through loss of utility (Bartram and Rees 2000a, GESAMP 2001, Dwight et al 2005 -  
in press).
Current political decision making processes often ignore or underestimate the value of 
ecosystem services such as recreation until public concern reaches a level sufficient 
enough to drive political will (Millennium Ecosystem Assessment -  Ecosystem and 
Human Well-being: Summary, httn://www.milleniumassessment.org/en/index.asn, 
last accessed 16* January 2005). In order for the quality of our surface waters to 
improve, public decision-makers at municipal and national levels must intervene 
through the development regulations and enforcement schemes combining both 
political and technical elements which are flexible and adaptive in order to meet 
changes both in the ecosystem and in the field of science as it evolves (CGLG 2004, 
http://www.cglg.org/index.asp, last accessed 28 May 2005) GLCI2005, 
http://www.nemw.org/glci/news.htm, last accessed 28 May 2005). In his April 2000 
Millennium Report to the United Nations (UN) General Assembly, UN Secretary- 
General Kofi Annan stated that it was “impossible to devise effective environmental 
policy unless it is based on sound scientific information.”
Unfortunately for many decision-makers in coastal communities “sound scientific 
information” is limited to data derived firom past compliance monitoring and their 
ability to change the habits of the public (such as deterring the use of phosphorous
containing fertilizer) is limited to enforceable laws. The replacement of sanitary and 
storm water infrastructure, either failing or constructed in an era where the impact on 
surface water was underestimated, would have a direct positive, impact on improving 
surface water quality but rectification is costly and many communities lack the 
necessary resources to do so (Kleinheinz 2003). Compliance monitoring, while 
providing protection of public health to varying degrees based on the testing scheme 
employed, is insufficient to determine sources of contamination and provide a true 
health risk assessment. More intensive scientific studies are necessary to detect 
contamination sources and this data could in turn be targeted for the development of 
cost-effective remediation schemes.
1.2 Specific Aim of Research,
The specific aim of this research, founded on the needs of the community, was to 
evaluate beach management strategies at US, inland, freshwater, bathing sites using 
the principles of the WHO/USEPA Annapolis Protocol to contribute to the reduction 
of health risk through the identification and remediation of contamination sources. 
The outcome of this project will be achieved by meeting the following objectives:
• To assess different strategies for compliance water quality monitoring by:
1. Evaluating US approved bacterial indicators of bathing water quality
2. Evaluating US approved test methodologies for the quantification of 
these bacterial indicators
3. Evaluating the sampling scheme currently in use at the study site
• To identify and quantify potential sources of microbial contamination to the 
bathing water by:
1. Evaluating the spatial distribution of bacterial indicators in all of the 
environment (surface water, storm water, groundwater, storm run-off, 
sand, algae)
2. Conducting sanitary surveys of the bathing beaches and surrounding 
areas
3. Correlating bacterial indicator levels with coastal conditions
• To estimate the annual health risk to bathers at a freshwater bathing site using 
the principals of WHO (2003) and site management according to the AP.
• To develop remediation strategies to reduce the burden of bacterial 
contamination of the bathing waters.
1.3 General Background Information,
1.3.1 Recreational Water and Health.
A variety of microorganisms (bacterial, viral and parasitic) have the capacity to 
transmit disease through human contact with contaminated water (CDC, Healthy 
Swimming, http://www.cdc.gov/healthvswimming/how.htm. last accessed 19 May 
2005). Waterborne infectious diseases caused by these microorganisms can be fatal 
and, globally, over two million people die each year from illnesses contracted in this 
manner (from drinking and recreational waters) (WHO 2001, Shuval 2003). 
Waterborne diseases are not something relegated to third world countries - outbreaks 
occur in the developed nations as well (Hânninen et al 2003, Naumova et al 2003, 
Holly Wirick 2005 - personal communication). Epidemiologists believe that ten to 30
per cent of the vomiting and diarrheal illness in North America may be attributed to 
drinking, waste, or recreational waters (Standridge 2003).
While a lack of potable drinking water and inadequate sanitation may contribute to a 
substantive portion of the total number of waterborne disease outbreaks which occur 
annually, a risk (through contact, ingestion or inhalation) of contracting disease from 
bacterial, viral or parasitic organisms during the course of recreational activities exists 
(Table 1.1). The actual incidence of waterborne disease associated with recreational 
usage is unknown; millions of people bathe each year and although disease outbreaks 
are noted (City of Racine Health Department records. Holly Wirick -  personal 
communication) (Table 1.2) some bathers suffer no ill effects (MCW Healthlink, 
http://healthlink.mcw.edu/article/959984740.html. last accessed 19 May 2005) or the 
illnesses are self-limiting in nature and go unreported (Cicmanec 2001, Turbow et al 
2003). The incidence of illness may also be influenced by the demographics of the 
exposed population (WHO 2003) and the types of activities in which they are 
participating (full body immersion versus wading). For example, epidemiological 
studies demonstrated that children were more likely to contract waterborne diseases 
(Alexander 1992, WHO 2003, Sams 2004). This may be due in part to the more 
fragile nature of their immune system {Online, http://www. great-lakes.net. last 
accessed 16* January 2005) but also due to the fact that children, on average, ingest 
twice as much water during recreation than adults (Evans et al 2001, Frank 2002).
Swimming and other recreational activities are a shared experience, whatever 
illnesses a person comes to the lake or ocean with results in a common exposure to 
those around him/her, and, therefore, hygienic practices of adults (carrying on average
0.14 g of feces on their bottom at any given time) and children (especially those in 
diapers) can contribute to the overall risk of disease transmission to co-bathers (CDC, 
Online, http://www.cdc.gov/healthvswimming/how.htm. last accessed 19 May 2005). 
Other bathers are not the sole source of fecal contamination resulting in recreational 
water illness (RWI) (diarrheal, eye, skin, ear and respiratory illnesses), sources such 
as sewage, domestic or wild animal waste, storm water, agricultural or urban run-off, 
and free-living organisms may also contribute to the risk of adverse health outcomes 
in the context of a bathing water encounter (section 1.5) (CDC, 
http://www.cdc.gov/healthvswimming/how.htm. last accessed 19 May 2005).
Table 1.1 -  Pathogens and swimming-associated illnesses listed by causative agent and resulting 
disease [HUS = hemolytic uremic syndrome] (van Asperen et al 1995, EPA 2001, Farahnak and 
Essalat 2003, CDC 2004a).
Pathogenic Agents of Disease
Bacterial Viral Protozoan
Organism Disease Organism Disease Organism Disease
E. colt 
0157:H7
Gastroenteritis
(HUS)
Rotavirus Gastroenteritis Cryptosporidium spp. Gastroenteritis
Salmonella
typhi
Typhoid Fever Norovirus Gastroenteritis Giardia lamblia Diarrhea
Salmonella
spp.
Gastroenteritis Poliovirus Poliomyelitis Entamoeba histolytica Amoebic
Dysentery
Shigella
dysenteriae
Dysentery Adenovirus Respiratory,
gastromtestinal
infections
Isospora belli Gastromtestinal
infections
Vibrio
cholera
Cholera Hepatitis A 
andE
Infectious
Hepatitis
Balantidium coli Dysentery,
Ulcers
Helicobacter
pylori
Peptic ulcers, 
gastritis
Enterovirus 
(67 types, e.g. 
polio, echo, 
Coxsackie
Gastroenteritis Naegleria fowleri Amebic
meningo­
encephalitis
Pseudomonas
spp.
Urinary tract, 
respiratory and 
ear infections
Rotavirus Gastroenteritis Non-human
Schistosomes
Swimmers Itch
(Cercarial
dermatitis)
Table 1.2 -  Reported waterborne disease outbreaks associated with recreational waters, US, 1997 -  
2002 (Barwick et al 2000, CDC 2000, CDC 2002).
US Outbreaks o f W aterborne Disease - Recreational W ater
Reporting Period No. of Outbreaks No. Individuals Affected No. of Deaths
1997- 1998 32 1000 0
1999-2000 59 2093
2001 - 2002 65 2536 8*
* All deaths were due to primary amebic meningoencephalitis (PAM) caused by Naegleria fowleri.
The single most frequent adverse health outcome from swimming in contaminated 
water is gastrointestinal illness (WHO 2003) which can result from either bacterial 
(Lauber et al 2003, Waschbusch et al 2004, Dixon 2005) or viral (CDC 2004b) 
agents. A survey of adverse health outcomes associated with bathing waters 
demonstrated variations in actual disease endpoints (respiratory, GI, ear, eye, nose 
and skin) between countries with respiratory illnesses being most often reported in 
England (24 per cent) while areas of the US reported greater GI illness rates (Santa 
Monica Bay, California 3.7 per cent. Key West, Florida, 33 per cent) (Rose 2004),.
While the number of WBDOs, GI or otherwise, associated with drinking water 
decreased in the US from 1999 -  2000, the number of WBDOs associated with 
recreational waters increased significantly during this same reporting period (CDC, 
2004a). Bacteria like E.coli, parasites such as Naegleria fowleri (sole cause of 
mortality noted in Table 1.2) or Cryptosporidium, and viruses being were confirmed 
as the etiologic agents in CDC surveillance summaries (CDC, 2004a) although there 
were some events in which the etiologic agent was never identified (Barwick et al 
2000). Due to the morbidity and mortality associated with these outbreaks, 
compliance monitoring programs, based on epidemiological studies (Table 1.3), and 
driven by legislature, have been developed for the protection of public health.
Table 1.3 - A summary o f epidemiological studies by study design and indicator organism (adapted 
firom WHO 1998 - Guidelines fo r Safe Recreational Waters and WHO, 2000). [FC=fecal coliforms, 
FS=fecal streptococci, EC=£'. coli, TC=total coliforms]
First Author Year Country Study Design Water Organism
Sams 2003 us Prospective cohort Fresh Enterococci
McBride et al 1998 New Zealand Prospective cohort Marine FC, EC, enterococci
Fleischer 1996 UK Randomized 
controlled trial
Marine FS, FC
Haile 1996 US Prospective cohort Marine TC, FC, Enterococci
Van Dijk 1996 UK Prospective cohort Marine -
Bandaranayake 1995 New Zealand Prospective cohort Marine -
Kueh 1995 Hong Kong Prospective cohort Marine FC, EC
Staphylococcus
Aeromonas
Medical Research Council 1995 South Africa Prospective cohort Marine -
Kay 1994 UK Randomized cohort 
trial
Marine FS
Pike 1994 UK Prospective cohort** Marine TC, FC
Corbett 1993 Australia Prospective cohort Marine FC, FS Total 
staphylococci 
Faecal coliform 
Fecal streptococci
Fewtrell* 1992 UK Prospective cohort Fresh TC, FC, FS 
Staphylococci 
P. aeruginosa 
Enterovirus
Fattal, UNEP/WHO 1991 Israel Prospective cohort Marine S. aureus, EC 
Enterococci 
Staphylococci 
P. aeruginosa
UNEP/WHO 1991 Spain Prospective cohort Marine -
Cheung 1989 Hong Kong Prospective cohort Marine EC, FS, Klebsiella 
Enterococci 
Staphylococci 
P. aeruginosa 
Candida albicans 
Total fungi
Ferley 1989 France Retrospective cohort Fresh TC, FC, FS 
Aeromonas spp. 
P. aeruginosa
Lightfoot 1989 Canada Prospective cohort Fresh Staphylococci
Fattal, UNEP/WHO 1987 Israel Prospective cohort Marine Enterococci, EC, S. 
aureus
P. aeruginosa, FC
Seyfried 1985 Canada Prospective cohort Fresh FC, FS, 
Staphylococci
Dufour 1984 USA Prospective cohort Fresh EC, Enterococci
Cabelli 1983 Egypt Prospective cohort Marine EC, Enterococci
Cabelli 1982 USA Prospective cohort Marine,
Fresh
TC, FC, EC 
Enterococci, 
Aeromonas, 
Pseudomonas
Mujeriego 1982 Spain Retrospective
cohort**
Marine FS
PELS 1958 UK Retrospective cohort Marine TC
Stevenson, 3-day study 1953 USA Prospective cohort Fresh TC
[^exposure in whitewater canoeing, **cross-sectional study].
1.3.2 Marine and Fresh Water Bacterial Indicators.
While epidemiological studies world-wide (section 1.3.1, Table 1.3) indicate a disease 
association with swimming in contaminated surface waters the approach to regulating 
these waters varies dramatically geographically (Georgiou and Langford 2002). 
World-wide regulatory schemes for microbiological quality of recreational water, 
although differing in some aspects, are primarily or exclusively based on percentage 
compliance with fecal indicator bacteria levels (Table 1.4). It is not feasible to test for 
every type of pathogen that may be present within a water environment as there are a 
great number (section 1.3.1) and the detection methods are often difficult and costly 
(APAVHO 1999). Therefore, fecal indicator organisms are used as surrogates to 
indicate when the presence of pathogens is most likely to occur.
The ideal characteristics of bacterial water quality indicators being:
• Their density in water (without proliferation) can give a reasonable estimate of 
pathogen presence and be positively correlated with the potential health risks 
associated with exposure
• Their presence is consistently and exclusively associated with the source of 
the pathogens
• Their ability to demonstrate similar resistance to environmental stress as the 
most resistant pathogens present at significant levels
• Their constant characteristics provide for accurate quantification which can be 
achieved through simple and inexpensive detection methods
• Their presence must be harmless to humans and animals
• Their ability to be detected by laboratory methods in the shortest amount of 
time consistent with providing accurate results (WHO 1997)
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In spite of their global usage, several constraints have been noted with current 
standards and guidelines based on fecal indicator bacteria such as: management 
actions are retrospective and take place after the exposure has occurred (due to delay 
in obtaining results of bactériologie tests) (Whitman et al 1999), highest health risks 
are attributed to human and animal fecal contamination while the indicators may be 
derived from other sources (Stavros 2003, Nevers and Whitman 2004a), there is a 
lack of inter-laboratory and global standardization with regard to analytical data, 
beach classification using indicator organisms alone results in a designation of either 
safe or unsafe with no provision for incremental increases in health effects {Annapolis 
Pro/oco/-WHO/USEPA 1999, Rees 1999), and fecal indicator organisms may not 
correlate well with the presence of some pathogenic organisms (Lund 1996, 
Lemarchand and Lebaron 2003).
In a review of epidemiological studies Priiss (1998) concluded that elevated levels of 
enterococci (marine) and E. coli (freshwater) were the most appropriate indicators of 
health risk in recreational waters but also that illness occurred even at levels lower 
than published standards. Kay et al (2004) agrees with this and states that guidelines 
may underestimate the risk to healthy adults and even more so the risk to children and 
the elderly (Cabelli et al. 1975, USEPA 1976, Cabelli 1978, Cabelli 1981, Cabelli 
1982a, Cabelli et al 1982b, Cabellil983a, Cabelli et al 1983b, Dufour 1984b, USEPA 
1986, DuFour 1992, Bartram and Rees 2000a).
11
Table 1.4 -Guidelines or standards based on bacterial organism density per 100 ml (WHO, 1999).
Country
Indicator Organism
Total Coliforms Fecal Coliforms Other Indicators
Brazil 80% <5000^ 80% < 1000^
Colombia 1000 200
Cuba 1000" 200" 
90% <400
EEC 1976, 
Europe
80%<500''
95%< 10000^
80% < lOO'*
95% < 2000"
Fecal strep < 100  
Salmonella 0/L 
Enteroviruses 0 PFU/L 
Enterococci 90% <100
EEC 2000, proposed Enterococci 100-200 
E. coli 250-500
Ecuador 1000 200
France <2000 <500 Fecal strep < 100
Israel 80% < lOOO"*
Japan 1000
Mexico 80% < 1000^ 
100% < 10000^
Peru 80% < 5000^ 80% < 1000'
Poland E. coli <  1000
Puerto Rico 200^ 
80% <400
USA, 
California Standard
80% <1000'"^’“ 
100% < 10000^
200"'
90% <400^^
US EPA Standard Enterococci < 33-35 
E. coli < 126
Former USSR E. coli < 100
UNEPAVHO 50% < 100'" 
90% < 1000'"
Uruguay <500'"
< 1000'"
Venezuela 90% < 1000 
100% <5000
90% < 200
100% <400
Yugoslavia 2000
l=fortnightly, 2=satisfactory quality in 5 preceding weeks, 3=Iog mean of 5 samples over 30-days, 4=guide, 5=mandatory, 6=10 
samples pr month, 7=5 samples per month, 8=no verification samples (48 hr.) should exceed 10,000/100 ml, 9=5 sequential 
sampling events, 10=30-day period, 1 l=within a zone bounded by 1000 ft. from shore or 30 ft. depth whichever is greater, 
12=60-day period, 13= geometric mean o f 5 samples, 14=no exceedance in last five samples collected.
Problems remain in correlating water quality, as identified by these bacterial 
indicators, to adverse health outcomes like GI illness, many relating to the suitability 
of indicator species used to set standards (Godfiree et al 1990, Kay et al 1996). Fecal 
contamination may result from either human (high risk) or non-human sources (risk 
unknown). Non-human sources, such as avian species, are known to carry human 
pathogens (Ferns and Mudge 2000, Newell 2002, Haag-Wackemagel and Moch 2004,
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Tizard 2004, Jones 2005 -personal communication, Kinzelman et al 2005) but their 
ability to transmit these organisms to humans within the context of a bathing water 
encounter is unknown. Another consideration, other than the source of the 
contamination, is the inherent variability of bacterial density in water environments. 
Bacterial concentrations may change abruptly both spatially and temporally making 
singular microbial assessments invariably a snapshot of water quality captured at a 
single moment in time (Whitman 2004b).
Recent studies also suggest that the indicators currently employed to gauge the 
microbial quality of recreational water may be found autochthonously in the 
environment in association with sediments (Byappanahalli et al 2003a, Francy and 
Gifford 2002, Francy et al 2003, Shively et al 2003, Whitman et al 2003a), plant 
material (Byappanahalli et al 2003b, Whitman et al 2003b) and through resuscitation 
from a VBNC state, even in polar regions (Smith et al 1994, Pommepuy et al 1996) 
bringing into question the ability of bacterial indicators to discriminate between 
“background” levels and the recent influx of fecal contamination.
Conclusions drawn from epidemiological studies conducted at beaches in proximity to 
potential point sources of fecal contamination do not address the relative risk of 
exposure in the instance where bacterial contamination is predominately from diffuse 
sources (Kay et al 1999). As a result of these studies, alternative indicators such as 
coliphages (Toranzos 1991, Beaudeau et al 2002, Lovelace 2004), Pseudomonas spp. 
(Cabelli et al 1976), enterovirus (Gersburg 2004, Noble 2004) and Clostridium 
perfringens (Fujioka and Shizumura 1985, Anon. 1996, Fujioka et al 1997, Rose
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2004) have been suggested as having a better correlation to swimmer-related illness 
than current bacterial indicators.
Regardless of the indicator and detection method employed, monitoring authorities 
are still faced with the fact that current technologies require, at minimum, an 18 to 24- 
hour incubation period before results become available (USEPA 2002a, USEPA 
2002b, USEPA 2002c, Vail et al 2003). These technologies, using chemical 
detection or traditional microbiological methods, limit the assignation of current 
surface water quality to the previous day's microbial indicator value by virtue of their 
incubation time (USEPA 2000a, USEPA 2000c, USEPA 2002a, USEPA 2002b, 
http://www.idexx.com - last accessed 28 May 2005) meaning that any potential 
human exposure events have already occurred (USGS 1998, USEPA 2000c). Until 
the successful development of “real-time” methodologies [such as rapid quantitative 
PCR (Brinkman et al 2003, Haugland 2004, Paar and Doolittle 2004, Haugland et al
2005), fiber optic systems (Advanced Analytical Technologies, Inc., RBD 2100) 
(Dufour 2002), or the Research International Rapid Automatic and Portable 
Fluorometer Assay System (RAPTOR) (Dufour 2002)] testing agencies must develop 
programs using the best tools available to them (Caruso et al 2002).
Factors other than strict levels of microbial indicators may be taken into account when 
determining ambient water quality and frequency of testing (WHO 1999). Predictive 
models are a means of utilizing data that can be collected on a real-time basis as an 
alternative or in conjunction with bacterial indicator testing which can take anywhere 
fi*om 18 to 24 hours to produce results (Solo-Gabriele 2001, Bruesch and Biedrzycki 
2002, Breusch and Biedrzycki 2003, Olyphant et al 2003, Collins and Rutherford
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2004, Olyphant 2004, SEPA 2004, Whitman 2004a). Predictive modelling, as a 
surrogate for laboratory analyses, uses ambient conditions (temperature, precipitation, 
insolarity, wave height, wind speed/direction and other parameters) at the local or 
regional level to predict the outcome of bactériologie analyses before they occur. 
Success, of varying degrees, has been demonstrated using these models on Lake 
Michigan (Francy and Darner 2003, Rabinovici and Whitman 2002, Olyphant and 
Whitman 2004, Mary Ellen Breusch - personal communication). A  regional 
“Nowcast Model” for southern Lake Michigan, currently under design by Dr. Richard 
Whitman (USGS), uses a multi-year data pool (of information readily available to 
beach managers) from several regional beaches (WI, Illinois, Indiana), including 
those in Racine (Whitman -personal communication) to predict when and what 
ambient conditions may adversely impact bathing water quality. An approach not 
solely based on fecal indicator bacteria levels would be able to take into account the 
source of the contamination which may be identified through the use of sanitary 
inspections.
The feasibility of a health-based monitoring approach to recreational water 
assessment was proposed as the result of an expert consultation sponsored by the 
WHO and USEPA and resulted in the development of the Annapolis Protocol (WHO
1999). The AP suggests a classification scheme for recreational waters (very poor, 
poor, fair, good, or excellent) based upon health risk as determined by microbial 
assessment and sanitary inspection. A classification scheme would allow for greater 
flexibility while still measuring microbial indicators of fecal contamination using 
approved analytical methods since a large number of factors such as precipitation and
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wave action can influence the condition of bathing water quality (further discussed in 
section 1.7).
1.4 Bathing Water Standards, Guidelines and Classification Schemes.
1.4.1 Select Compliance Monitoring Schemes.
Fecal indicator organisms, chiefly total coliforms, fecal coliforms, enterococci and E. 
coli, have been chosen as surrogates for pathogens for monitoring the microbiological 
quality of fresh and marine bathing waters. Although the use of these fecal indicator 
organisms is almost universal (section 1.3.2, Table 1.4), the way in which they are 
applied within worldwide compliance monitoring schemes may differ. In some 
instances levels of these organisms form the basis of regulatory standards [US 
(USEPA 200b), EU (European Council 1976)] where in other instances microbial 
indicator concentration is used for guidance purposes only [WHO (WHO 2003). A 
summary of selected testing schemes is presented in Table 1.5.
Table 1.5 -  Summary o f selected worldwide testing schemes employed in monitoring bathing waters
Select WorIdwide Testing Schemes
Indicator Employed Sampling Frequency Classification
Scheme?
EU E. coli (FW) Enterococci 
(M)
3 - 4  samples per season (at least 
fortnightly)
Yes
U SE PA E. coli (FW) 
Enterococci (M)
Based on priority (high, moderate, 
low). No less than 5 samples within a 
30-day period. One sample for every 
500 m in length
No
WHO Enterococci (M) 
No standard (FW)
5 samples per season for very low, low  
or very high quality waters. Others 4 
replicates per 5 events each season
Yes
Australia/NZ E. coli (FW) 
Enterococci (M)
Weekly (at least 20 samples per season) 
with multiple point sampling at large 
beaches
Yes
Canada E. coli (FW, M)
Fecal coliforms (FW, M) 
Enterococci (M)
Left to local authorities but recommend 
multiple point sampling for large 
beaches
No
Hong Kong E. coli (FW, M) Once weekly unless non-compliant Yes
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In either of these two scenarios, i.e. guidelines or standards, microbial assessment 
may or may not be combined with a beach classification category based on sanitary 
inspections. Some countries follow an approach the same as, or similar to, the WHO 
guidelines (EU, Australia, New Zealand, Hong Kong) while others follow an 
approach more closely aligned with the USEPA standards (Canada).
1.4.2 Analytical Methods for the Determination o f Bacterial Indicator 
Organisms from Bathing Waters.
Microbial standards have been developed worldwide based on epidemiological 
studies (section 1.3.1, Table 1.3) and from these, testing schemes have been devised 
to determine when indicator bacteria levels exceed recommended standards or 
guidelines implemented for the protection of public health. Within each responsible 
authority there has been an effort to standardize the methods by which these bacterial 
indicators are quantified to ensure consistent test performance and while the media 
may differ somewhat from country to country there are three basic analytical 
techniques employed: ME, DST, and MPN (Table 1.6).
Membrane filtration requires the filtering of aliquots of surface water through some 
type of funnel apparatus containing a sterile membrane which is aseptically removed 
to a petri dish containing media selective for the growth of the target organism. After 
a suitable incubation period colonies exhibiting characteristic growth are enumerated 
(further details of US test methods using ME in Material and Methods, Chapter 2). 
DST is a chemical detection method whereby the target organism possesses an 
enzyme(s) capable of cleaving a chemical bond which releases a color-producing or 
fluorogenic compound able of being quantified. Products manufactured by IDEXX,
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Inc. rely on the release of both colorimetric (total coliforms) and fluorogenic 
compounds {E. coli, enterococci) which produce results either qualitative or 
quantitative in nature depending on the method employed (further details in Material 
and Methods, Chapter 2). Multiple tube fermentation or MPN techniques rely on the 
ability of bacterial indicator organisms to ferment certain sugars and produce gas. 
The number of positive reactions (number of tubes exhibiting gas production) in a 
series of tubes is equivalent to a colony count as determined by a most probable 
numbers table (a statistical determination calculated as a surrogate for a colony 
count).
Table 1.6 -  Currently approved analytical methods for monitoring bathing waters (DST = defined 
substrate technology, MF = membrane filtration, MPN = most probable number, STD = standard).
Country(s) Water Indicator Analytical Method
[Guideline/STD] Body Technique Media
Australia marine enterococci MF mE agar
New Zealand DST Enterolert®
[Guideline] fresh water E. coli MF m-TEC agar
DST Colilert®
MPN LTB/EC/EMB
Canada marine enterococci MF mE agar
[Guideline] fresh water E. coli MPN LTB/EC/EMB or 
EC w/MUG
MF m-TEC
fecal coliforms MF mFC broth
European Union marine or total coliforms MPN MAC purple and others
(1976 Directive) 
[Standard]
fresh water fecal coliforms MF Tergitol lactose agar
Endo-agar
0.4% Teepol broth
fecal streptococci MPN Litsky method
MF MAC purple and others
United States marine enterococci MF mE agar or
[Standard] mEI agar
DST Enterolert®
fresh water E. coli MF m-TEC agar or 
mod. m-TEC agar
DST Colilert®
WHO marine enterococci MF m-Enterococcus agar/BEA
[Guideline] MPN MUD/SF
fresh water E. coli MF lactose TTC agar
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While comparative studies show that no one method is perfectly selective for the 
target organism (Volterra et al 1986, Yoshpe-Purer 1989, Dionisio and Borrego 1995, 
Clesceri et al 1998), all three of these methods have been approved by one or more 
regulatory bodies for the determination of bacterial indicators in fresh and marine 
waters. All authorities listed in section 1.4 authorize the use of MF and all but the US 
allow for the use of the multiple tube fermentation/ MPN technique. Australia/New 
Zealand and the US have approved defined substrate technology DST (IDEXX, Inc., 
Westbrook, ME, USA) in their ambient water quality rules (Table 1.6). Although 
studies exist which demonstrate correlation between traditional plated methods and 
DST for marine waters (Palmer et al 1993, Eckner 1998, Pisciotta et al 2002), DST 
has not yet been approved for testing ambient waters in the EU (although employed 
for drinking water analyses, e.g. Thames Water, UK).
1.5 Sources o f Bacterial Contamination.
Most epidemiological studies (section 1.3.1) which have established health risks 
associated with bathing have been conducted at sites where direct human sewage 
sources were the primary source of fecal contamination (Colford 2004, Dufour 2004 - 
personal communication). Fecal bacterial indicators (total coliforms, fecal coliforms, 
enterococci and E. coli), testing schemes, and analytical methods as previously 
discussed (sections 1.4.1 and 1.4.2) were designed to detect when the probability of 
exposure to human sewage was highest (Gleeson and Gray 1997). But, the origin of 
the etiologic agents implicated in the transmission of waterborne disease may occur 
firom a variety of direct and indirect sources (Calderon et al. 1991, Bartram and Rees
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2000b, Solo-Gabriele et al. 2000, Noble et al 2003). Comprehensive sanitary 
inspections, conducted as a part of a beach classification scheme, should categorize all 
potential point and non-point (diffuse) contamination sources in order to provide the 
best estimation of health risk.
1.5.1 Point Sources o f Pollution (Combined Sewage Overflows, Sanitary 
Sewage Overflows, Boaters, Storm Drains, Rivers/ Streams, and 
Bathers).
Point sources of contamination are those sources that originate from a single, 
identifiable, fixed discharge point such as a waste water treatment plant, a sewer pipe 
(CSO/SSO), septic systems, a point of industrial discharge, a storm drain, the toilet on 
board a boat, or even an individual bather. These sources have the ability to adversely 
impact water quality (Crowther et al 2001).
Sewage derived from human or animal sources, and discharged into the environment, 
may contain the causative organisms of many communicable diseases such as typhoid 
fever, bacterial or amoebic dysentery, giardiasis, infective hepatitis and poliomyelitis 
(HMSO 1982). If such contamination is recent, and if  among the population (human 
or animal) firom which the sewage is derived there are cases or carriers of these or 
other microbial diseases, some of the living causal agents may pass unaffected via 
environmental pathways or even through treatment processes (HMSO 1982, CDC
2000). These pathogens, having passed intact through treatment processes, have the 
capability of infecting individuals involved in surface water recreation (Dawson 1996) 
(Table 1.7). For example, 17 outbreaks associated recreational waters were noted in 
the CDC Surveillance for Waterborne-Disease Outbreak- United States 1997 -1 9 9 8
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(CDC 2000), illustrating the fact that pathogens may pass through the treatment 
process with their infectivity intact.
Table 1.7 -  Pathogen removal during sewage treatment (WHO 1999 - adapted from Yates and Gerba 
1998).
Pathogen Removal During the Sewage Treatment Process
Treatment Enteric viruses Salmonella C. perfringens'^ Giardia
Raw sewage L"' 100,000-
1,000,000
5,000-80 ,000 100,000 9 ,000-200 ,000
'Primary treatment 
% removal 5 0 -9 8 .3 9 5 .5 -9 9 .8 30 2 7 - 6 4
Nos. remaining L"' 1 ,700-500,000 1 6 0 -3 ,3 6 0 70,000 72,000 -146 ,000
^Secondary treatment 
% removal 53 -  99.92 98.65 -  99.996 98
Nos. remaining L"' 80 -4 7 0 ,0 0 0 3 -1 ,0 7 5 2,000
"Tertiary treatment 
% removal 99.983-99.9999 99.99 -  99.9999 99.9 98.5 -  99.99995
Nos. remaining L"' 0.007 -170 0.000004 - 7 100 0 .099-2 ,951
1. Primary = physical sedimentation.
2. Secondary = primary sedimentation, trickling filter/activated sludge and disinfection.
3. Tertiary = primary sedimentation, trickling filter/activated sludge, disinfection, coagulase-sand 
filtration and disinfection; note tertiary does not involve coagulation-sand filtration and second 
disinfection steps for C. perfringens.
4. Long and Ashbolt 1994.
While this example represents a sampling of US cases, the number and types of 
pathogens present in sewage will vary depend on the incidence of disease in the 
contributing population and the seasonal distribution of the organisms and, therefore, 
global variation can be anticipated (HMSO 1982, Pond 2000).
5.2 Non-Point Sources o f Pollution (Run-off, sands, wildlife, algae).
Non-point (diffuse) sources of contamination are those sources whose origination 
cannot be traced back to a single point such as a storm drain or sewer pipe. The 
effects of non-point sources of contamination are diffuse and, therefore, determining 
their origin may require intensive investigation looking for correlation of increased 
bacterial indicator densities at the bathing beach to various coastal processes and
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predominating weather conditions as well as anthropogenic and non-anthropogenic 
sources (Efstratiou 2001). Precipitation can travel over impervious surfaces, 
agricultural areas and urban roadways and contribute potentially contaminated run-off 
(McLellan 2004), therefore, a record of rainfall events can be important in the 
determination of relative inputs of contamination to a bathing beach. For example, 
while the mouth of a river may be considered a point source of discharge, the 
conditions upstream within the watershed may be diffuse in nature and must be 
accounted for when determining the potential contributors to overall bathing water 
quality (Wyer 1995b, Wither et al 2005a).
Recent research also indicates that E. coli and other fecal bacterial indicators of 
bathing water quality may be found autochthonous in the environment rather than 
being solely distributed as a result of a recent influx of fecal matter from human and 
animal sources (including waterfowl such as ring-billed and herring gulls) (Oshiro 
and Fujioka 1995, Belant 1997, Belant et al 1998, Jones and Obiri-Danso 1999, 
Levesque e al 2000, Obiri-Danso and Jones 2000, Grant et al 2001, McLellan 2001, 
Fogarty et al 2003, Haack et al 2003b, Lebuhn et al 2003, Yorio and Caille 2004, 
Wither et al 2005b). It may be that these microorganisms once deposited in the 
environment, under favorable ambient conditions, and with sufficient nutrients, have 
the ability to persist or even replicate independent of a host (Signoretto et al 2004).
Researchers have demonstrated E. coli replication in the soils of subtropical 
environments (Carillo et al. 1985, Rivera et al. 1988, Jiminez et al. 1989, Hardina and 
Fujioka 1991, Roll and Fujioka 1997, Fujioka et al 1999, Solo-Gabrielle et al. 2000, 
Lawrence 2001). In experiments conducted at 28°C, E. coli from river water
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replicated in soils when added to sterilized river sediments (Desmarais et al. 2002). In 
similar experiments, E. coli replication occurred in soils following wetting and drying 
cycles, although increases were greatest in the soils with a large fraction of fine 
particles and over 25 per cent organic matter (Solo-Gabriele et al. 2000, Desmarais et 
al. 2002). It is unknown, however, if  E. coli replication can occur in the Temperate 
Zone. If E. coli or other bacterial indicators are able to establish a population in the 
interstitial sand environment, it would lead to the detection of higher levels than 
pollution sources alone would produce (Whitman and Nevers 2003a, Whitman et al. 
2003b). In vertical distribution studies of indicator organisms in beach sands, both E. 
coli and enterococci had a presence in the upper strata (Aim et al 2003, Begotka et al 
2004), an area subject to resuspension due to tidal (Obiri-Danso and Jones 2000) or 
wave action (Kinzelman et al 2004a). If replication is also occurring in temperate 
soils they would be considered a diffuse source of contamination, irrespective of the 
original host source, and account for a percentage of the bacterial load capable of 
impacting surface waters.
Not only do wildlife contribute fecal burden in beach sands [ring-billed and herring 
gulls have approximately 3.4 million E. coli per gram of feces contains. Dr. Sandra 
McLellan - personal communication], animals and birds may also harbor various 
organisms potentially pathogenic to man (Belant 1997, Belant et al 1998, Levesque et 
al 2000, Fogarty et al 2003, Lebuhn et al 2003, Yorio and Caille 2004) such as E. coli 
0157:H7 (Wasteson et al 2005), Salmonella (Ferns and Mudge 2000, Tizard 2004) 
and Campylobacter (Newell 2002, Kinzelman et al 2005d). The importance of these 
sources of contamination must not be overlooked when considering the impact of
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poor bathing water quality on human health when derived from non-point pollution 
sources such as algae and beach sands (HMSO 1982, Haag-Wackemagel and Moch 
2004, Kinzelman 2005b) (Figure 1.1).
A summary of potential point and non-point sources of contamination is presented in 
Table 1.8.
Table 1.8 -  Summary o f potential point and non-point (diffuse) sources o f contamination potentially 
impacting surface [List is not to be considered complete an dottier local or regional sources may impact 
water quality based on ttie site].
Sources of Bacterial Contamination
Point Sources
Source Mechanism Reference
WWTP,
sanitary
sewer
Release o f raw sewage, 
CSO, SSO, infrastructure 
breakdown
Aslan-Yilmaz et al 2004
Marinas and 
tiarbors
Illegal discharge of  
onboard boater waste
Storm drains Discharge of toxic 
chemicals, human waste 
(illegal connections or 
leaks), and animal waste 
due to rain
Hemgren et al 2005, Brooks et al 2004
Septic
systems
Release o f sewage due to 
leakage
Battiers Fecal discharge CDC, online,
http:www.cdc.gov/healthyswimming/how.htm
Nou-poiut (Diffuse) Sources
Source Mechanism Reference
Agricultural
run-off
Due to precipitation events Doran and Linn 1979, Jawson et al 1982, Bryan and 
Pike 1990, Mallin et al 1997, Hagedom et al 1999, 
Hunter et al 1999, Vinten et al 2004, Oliver et al 2005, 
Wither et al 2005a
Urban run­
off
Due to precipitation events McLellan 2004, Wither et al 2005a
Landscape
run-off
Precipitation washing over 
soils
Hardina and Fujioka 1991, Fujioka et al 1999, Solo- 
Gabriele et al 2000
Beacti sands Re-suspension at 
sand/water interface
Whitman et al 2001, Aim et al 2003, Whitman and 
Nevers 2003a, WHO 2— 3, Kitizehnan et al 2004a
River
sediments
Re-suspension Byappanahalli et al 2003a, Jamieson et al 2005
Coastal
sediments
Re-suspension Craig 2002a, Craig 2002b
Algal blooms Unknown, hypothetically a 
nutrient source and point of 
attachment
Byappanahalli et al 2003b, Shively et al 2003, 
Whitman 2003b, Whitman et al 2004, Jensen 2005, 
Kinzelman 2005b
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Figure 1.1 -  Stranded algal 
mats attract seagulls and 
geese at Racine’s North 
Beach -  2002.
1.5.3 Sanitary Surveys o f Bathing Beaches and the Surrounding Areas.
A sanitary inspection or survey is an assessment tool designed to evaluate the 
principal sources of fecal pollution (Bartram and Rees 2000b). A sanitary survey may 
be used to identify sources of fecal indicator organisms such as enterococci and E. 
coli which are quantified as the basis for assessing health risk. Sanitary surveys can 
be conducted by local authorities when attempting to classify a new bathing beach, 
when conducting an annual assessment of current bathing beaches, or in response to 
high indicator bacteria levels isolated from bathing waters as a result of compliance 
monitoring. While the identification of direct sources may be undertaken fairly 
easily, a good sanitary inspection will aid in the identification of less obvious, 
indirect, sources of contamination. While sanitary surveys are indicative of 
contamination sources they lack the capability of definitively identifying the source of 
the fecal indicator organisms.
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1.5.4 Host Source Studies to Determine the Origin o f Bacterial 
Indicators.
The diversity of potential inputs of contamination necessitates a multi-tiered approach 
to identify the source of the bacteria (Boehm et al. 2003) and, therefore, MST has 
become an important objective in recreational water management (Sinton et al 1998, 
Muscillo et al 2001, McLellan et al 2003, Haznedaroglu et al 2005, Pond et al 2004) 
in addition to the performance of sanitary surveys. By determining the host source a 
realistic risk assessment of fecal contamination sources can be made and efforts to 
improve water quality can occur (Hagedom et al 1999). Another issue potentially 
addressed by MST is whether or not bacterial indicators, such as E. coli, isolated firom 
bathing waters or beach sands present a health risk when they originate from non­
human sources such as seagulls or other animals. It has been suggested that animals 
and animal wastes, in fact, may have the capacity for the transmission of human 
pathogens (Cryptosporidium, E. coli 0157:H7, Campylobacter) to the public through 
environmental encounters (Johnson et al 2001, Fach et al 2002, Keevil et al 2002, 
Scottish Executive 2002, Bopp et al 2003, Renter et al 2003) including recreational 
waters (Lauber et al 2003) (Jon Standridge - personal communication).
There are various techniques that can be employed in MST, both molecular and non- 
molecular in nature (Gilgen et al 1995, Wiggins 1996, Parveen et al 1997, Wiggins et 
al 1999, Bernhard and Field 2000a, Bernhard and Field 2000b, Dombeck et al 2000, 
Sabat et al 2000, Simmons et al 2000, Buchan et al 2001, Hartel et al 2002, Malakoff 
2002, Simpson et al 2002, Scott et al 2002) (Table 1.9).
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Table 1.9 -  Partial list o f molecular and non-molecular based source tracking techniques (adapted from 
Pond et al 2004).
Molecular and Non-Molecular Source Tracking Techniques
Technique Method Type Molecular or Non- 
Molecular
Rep PCR (repetitive element PCR) Genotypic library-dependent Molecular
RAPD (random amplified 
polymorphism DNA)
Genotypic library-dependent Molecular
RFLP (restriction fragment length 
polymorphism)
Genotypic library-dependent Molecular
MLST (multi locus sequence 
typing)
Genotypic library-dependent Molecular
PFGE (pulse field gel 
electrophoresis)
Genotypic library-dependent Molecular
Detection o f adenoviruses Genotypic library-dependent Molecular
ARA (antibiotic resistance analysis) Phenotypic library-independent Non-Molecular
Of these, the methods using bacteria as the target organism can be collectively known 
as BST. Four bacterial genera have been most frequently identified as target 
organisms for MST: Escherichia (Guan et al 2002, Jenkins et al 2003), Enterococcus 
(Hagedom et al 1999, Wheeler et al 2002, Jenkins et al 2005), Bacteroides (Field et 
al 2003, Field 2004), and Bifidobacterium (Gavini et al 1991, Rhodes and Kator 
1999). These genera were selected because they are generally present in the feces of 
higher mammals, including humans, and birds (Simpson et al 2002). The presence of 
protozoan oocysts and vimses has also been suggested as potential tools for source 
tracking (Scott et al 2002). The choice of which method to use depends on the 
number of potential sources contributing to the watershed (Hartel et al 2004), the 
level of discrimination required (human versus animal or species specific), and the 
level of technical expertise and fimding available (Simpson et al 2002). There is no 
consensus at this time as to a single “best” indicator or techniques for BST and the 
persistence of bacterial genetic materials in sediments may serve to confound the 
temporal identification of host sources (Romanowski et al 1993, Kieft et al 1997, 
Edgcomb, et al 1999, Ellender and Wang 2004, Stoekel 2004). The choice of fecal
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indicator microorganisms, field methods and sampling strategies, host origin database, 
interpretation of data, and statistical evaluation of source tracking data all contribute 
to the ability of the technique to reliably determine host source (ASM 2003).
While the use of molecular fingerprinting and non-molecular methods are relatively 
new tools for the determination of host source, they have been previously used to 
study microbial ecology in environmental systems (Simpson et al 2002, Hugenholtz 
and Goebel 2003). Further development of these techniques will allow them to be 
applied for the purpose of identifying sources of contamination to our waterways 
(Bernhard et al 2003, Tobiason et al 2003). The ability to determine the source of 
contamination can then be further employed to stop pollution and gauge the success 
of implemented remedial solutions (icrew.info. Update 3 -  August 2004).
Management and remediation of water pollution would be more cost effective if  the 
correct sources could be identified (Simpson et al 2002).
1.6 Considerations Necessary to Ensure Sampling Reliability.
The protection of public health is a direct function of the quality of the compliance 
monitoring program designed for this purpose. A random sample is supposed to be 
statistically representative of its parent group (Langley 1970) in the case of water 
quality monitoring a compliance sample should depict the quality of the water at the 
bathing beach. This is known as sampling reliability -  how well does this sample(s) 
represent the whole. In order to be accurate, sampling designs and policy approaches 
must take into account the spatial and temporal variation of bacterial indicator density
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across beach transects as well as the sample size requirements in order to determine 
sampling reliability (Whitman and Nevers 2004a, Wymer 2004).
1.6.1 Temporal and Spatial Variation ofBacteriallndicators.
In addition to impacts which can be attributed to direct and indirect sources of 
contamination and the interaction of these sources with environmental (i.e. weather 
conditions, currents and tides) and human effects, temporal and spatial factors must 
also be taken into account when implementing compliance monitoring programs 
(Sherry 1986, Obiri-Danso et al 1999, Whitman et al 2004b, Wymer 2004, Sampson, 
et al 2005). Temporal factors include the time of day during which the sampling is to 
occur (AM or PM), the day-to-day variation which exists at the sampling site and the 
days of the week on which the sampling is to occur (Brenniman e/ a / 1981, Fleisher 
1985, Tillet 1993, PHLS 1995). Spatial considerations to be considered are where the 
sample is to be taken (e.g. a transect occurring once every 500 m), the depth at which 
sampling will occur (the total depth of the water at the sampling point) and the actual 
depth at which the sample is collected (at what fraction of the total depth at the 
sampling point do you collect the compliance sample) (Wymer 2004). For example, 
in WI some agencies responsible for compliance monitoring designed their programs 
based on the availability of collection and analytical staff rather than taking into 
account the variability of indicator organisms within the environment (Toni Glymph, 
WI DNR - personal communication).
Organizing a monitoring program based on staffing is inadequate because bacterial 
concentration does not remain static in the environment and can fluctuate both
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temporally and spatially. Diurnal variation, as a result of the effects of UV light, may 
decrease the density of E. coli, resulting in lower concentrations in the afternoon 
(Gregory and Frick 2001, Whitman et al 2001, Pfister 2002, Whitman et al 2004). In 
light of this research, an accounting of the temporal variation in E. coli may be 
beneficial when designing and implementing monitoring programs (Sherry 1986). In a 
study at 63^ Street Beach in Chicago, Illinois, US Whitman and Nevers (2004b) 
found significant variation in samples collected in the morning (0700) versus 
afternoon (1300). Morning samples had 3.1 times higher E. coli counts than paired 
afternoon samples taken at the same location. Variation in E. coli counts was also 
noted within and among beach transects. In order to achieve 95 per cent confidence 
in sampling reliability Whitman and Nevers (2004a) suggested the collection of six 
samples per bathing site within a 24-hour period while the USEPA suggested three to 
five (Wymer 2004). Failure to take into account these factors when conducting 
routine monitoring for bathing water quality will result an inaccurate assessment of 
risk compounded by the 24-plus hour lapse in required by current testing methods.
1.6.2 Poor Estimation o f Health Risk - Type I  and Type IIErrors.
In statistical analyses, a Type I error occurs when a null hypothesis is rejected that is, 
in fact, true. A Type II error occurs when one fails to reject a null hypothesis that is 
false (Voelker et al 2001).
In compliance monitoring a Type I error occurs when an advisory is posted but the 
level of bacterial indicator organisms do not exceed recommended standards or 
guidelines. A Type II error occurs when no advisory is posted in the presence of
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elevated bacterial indicator levels. Current monitoring schemes are likely to commit 
both of these errors with some degree of frequency due to the financial constraints of 
the testing authorities and the lack of real-time test methods or reliable predictive 
models (Al Dufour-personal communication). Sampling fortnightly, weekly, or 
even daily at single or multiple sampling points does not account for the within day 
variation or day-to-day variation in water quality nor do currently approved test 
methods requiring a minimum of 18 hours before results become available provide 
results in a manner in which to be immediately protective of public health.
Since 1968 the federal government of the US has recommended routine recreational 
water quality monitoring using bacterial indicators (NT AC 1968). The NT AC 
sampling scheme called for five consecutive samples to be collected within a 30-day 
period and the rolling geometric mean to be calculated. This practice, still in use 
today (USEPA 1986), may identify long term trends but does very little to protect 
swimmer health on a day-to-day basis. The USEPA has also recommended single 
sample advisory limits based on the bacterial indicators E. coli and enterococci 
(USEPA 1986, USEPA 2000) and many coastal authorities have elected to sample 
surface water on a daily basis in order to determine daily indicator fluctuations.
While increasing the sampling frequency addresses temporal variation it does not 
address the spatial variation of these bacterial indicators. In order to address spatial 
variation multiple daily samples must be taken at fixed intervals (Clesceri et al 1998). 
Such a scheme, while increasing the probability of detecting influxes of bacterial 
contamination, would most likely increase the costs associated with routine 
compliance monitoring programs (City of Racine Health Department records). Real­
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time testing methods, able to inform responsible authorities of bathing water quality 
within a few hours time, or predictive (forecasting) models accurately able to assess 
adverse outcomes in lieu of actual laboratory analyses, would be more protective of 
public health (Haack 2003a, Casey 2004 -  DRAFT, Whitman 2004c, BBC 2005, 
Whitman 2005). Another potential solution could be to composite sample, whereby 
equal volumes of individual samples (from different sampling points) would be well- 
mixed (APHA, 1992) to form a single sub-sample that may then be analyzed.
Composite sampling may be used when the distribution of contaminants in the 
environment is random (Gamer et al 1998), i.e. there are no “hot spots” (Gore and 
Patil 1994, Patil 1995) which may be masked by this type of regime. By pooling 
samples an average concentration within the test area is obtained (Gilbert 1997), as 
well as a more normal distribution of the analyte in question than would be obtained 
with discrete sampling (Exner et al 1985). This approach is valid so long as sample 
integrity is maintained (Bartram and Balance 1996, Balogh et al 1998). When 
combined with temporal variability studies to determine the optimum time of day for 
sample collection compositing of surface water samples would enhance sampling 
reliability as part of beach management program (Griffith and Schiff 2005).
Although infrequently used for the purpose of monitoring water quality, composite 
sampling has been used in a broad range of bio-monitoring (Orban et al 1994) and 
environmental sampling activities, for example, soil sampling (Aichberger and Back
2001), mineral exploration (Lock 1996) and in inorganic and persistent non-volatile 
organic contaminants sampling (such as polychlorinated biphenyls, or PCBs) (USEPA 
1991). In addition to being a good screening tool (Rajagopal and Williams 1989), it
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was found that composite sampling resulted in decreased analytical effort and total 
cost (Orban et al 1994, Carson 2001, Correll 2001). Since implementation of the 
BEACH Act calls for frequency of monitoring to be based on beach usage and 
shoreline length (106* US Congress 2000), considerable costs maybe associated with 
routine water quality monitoring. Composite sampling may be a viable alternative to 
single point analysis in light of the precision necessary to assess the health risk to 
those individuals participating in recreational water activities and the level of 
effectiveness required to support decision-making for the protection of public health.
1.7 Annapolis Protocol
1.7.1 Background.
Although there have been many successes in the development and standardization of 
compliance monitoring schemes for bathing waters the present approaches still suffer 
from limitations due to sampling reliability and source identification. These 
limitations may impact their ability to protect public health from microbiological 
hazards present in contaminated bathing waters especially when regulation is based 
primarily or exclusively on the detection of bacterial indicator organisms (whose 
ability to act as surrogates for the pathogens they are meant to detect has been brought 
under question). Recognizing the need for improved regulation of bathing waters, one 
that would more adequately reflect health risk, the WHO and USEPA convened a 
meeting of experts in Annapolis, Maryland, US in November of 1998. The outcome
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of this expert consultation was a document, Health-Based Monitoring o f Recreational 
Waters: The Feasibility o f a New Approach (AP, WHO/SDEAVSH/99.1).
1.7.2 Testing the Annapolis Protocol to Improve Health Assessment
Various schemes are employed in compliance monitoring throughout the world and 
many of these are based solely on the detection of bacterial indicator organisms 
(section 1.4). The efficacy of these monitoring programs in protecting public health 
has been brought under question because of the issues discussed in previous sections 
such as:
• the inherent errors due to sampling reliability (resulting fi*om temporal and 
spatial variations, including die-off) (section 1.6),
• the influence of environmental factors on bacterial indicators (where 
persistence or replication is likely to occur) (section 1.5.2)
• the probability that fecal indicators may not detect all bacterial and especially 
viral pathogens (section 1.3.2)
• the inability of compliance monitoring using these micro-organisms to 
distinguish host source (may have health risk implications) (section 1.5.4)
While some experimental health-related classification schemes have sought to adjust 
predictable illness rates based on independent risk factors unrelated to direct exposure 
to water, the AP seeks to improve upon current monitoring schemes by utilizing a 
holistic beach management approach, one that is adaptive and can provide for 
effective intervention when necessary.
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The management approach suggested by the AP calls for a beach classification 
scheme where a bathing beach would be assigned to a specific class (very poor, poor, 
fair, good, or excellent) based upon health risk. Health risk is to be determined 
through a combination of microbial assessment and sanitary surveys (WHO 1999). 
Microbial assessment employs dual indicator organisms, a primary indicator {E. coli 
or enterococci) and a secondary indicator such as Clostridium perfringens (Ferguson 
et al 1996, Leeming et al 1998).
The use of sanitary surveys in identifying sources of contamination may prove 
advantageous to communities currently using a pass/fail system based on microbial 
indicator density where the source of fecal contamination is indeterminate. The 
significance of health risk to humans from predominant fecal inputs which are non- 
human in nature has yet to be determined (WHO 1999, Addy et al 2003) and broad- 
based exemptions should not be made (USEPA 2002c). This approach would also be 
adaptive in that it would allow local authorities or beach management organizations to 
upgrade the status of their beach in response to management interventions. 
Management interventions which seek to protect bathers by reducing the level of 
contamination is protective not only of public health but also of the ecosystem as a 
whole since sources of contamination such as CSOs, SSOs or storm water can 
introduce not only bacterial pathogens but also a variety of nutrients and chemical 
contaminants (Hemgren et al 2005).
Although conceptually viable, the AP was designed to be validated. In order to 
undertake the effort of re-classifying an existing bathing beach using this system it 
must have some benefit to the community in which the beach is located as well as
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being feasible from a budgetary and personnel standpoint (WHO 1999). The AP 
suggests that one or more of the following is accomplished as a result of the 
classification:
• contributes to a better informed public
• contributes to local risk management
• maximizes the effectiveness of the monitoring program
• assists in making decisions regarding health risks associated with bathing
• encourages surface water quality improvement through management 
interventions
Racine, WI, located on the southwestern shore of Lake Michigan, would be an ideal 
candidate to test the AP at a freshwater site because public concern over the safety of 
the bathing beaches has influenced political will and the local authority is interested in 
field testing new approaches (Mayor Becker -  personal communication). This coastal 
community also has a full-service public health laboratory, adequately equipped and 
staffed with personnel capable of assisting in the validation of the beach classification 
according to the AP.
1.8 Site Description
1.8.1 History o f Great Lakes Water Quality and the Wisconsin Model 
Beach Code
The US has nearly 37,000 km of ocean shoreline (excluding Alaska) and over 8,000 
km of Great Lakes shoreline (Foran 2003). Much of this shoreline provides direct 
access to the nation’s oceans and fresh water lakes. As such, beaches are visited by 
over one third of all Americans resulting in tens of billions of dollars in revenue
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(goods and services) and tens of millions of jobs being generated (Sohngen et al 1999, 
Foran 2003). However, an unfortunate trend has developed over the last several years 
where the public is informed that their beaches are unsafe for swimming (greater than 
18,000 failures nationally including 1,854 failures in the Great Lakes in 2003) (NRDC 
2004). As a result, coastal states, including those within the Great Lakes region, have 
made the reduction of BWQF a legislative priority. Great Lakes Cities Initiative, 
(httn://www.nemw.org/glci/news.htm. last accessed 28 May 2005, LaMP 2002, Foran 
2003) (Table 1.10).
Table 1.10 -  Priorities for Lake Michigan beaches as set by the 2002 Lakewide Management Plan.
2002 Lake Michigan Lakewide Management Plan (LaMP) -  Next Steps
Date Priority
By 2004 All Lake Michigan states will adopt criteria, standards, and monitoring 
programs for beach bacteria
By 2005 There will be a 30% decrease over 1992 levels in the per capita loadings 
from combined sewer overflows and other sources
By 2005 95% of high priority beach waters (as defined by states) will be monitored 
and a public advisory system will be in place
By 2007 90% of monitored high priority beach waters (as defined by states) will 
meet federal and state bacterial standards for more than 95 per cent of the 
average swimming season
Two groups of regional politicians [Council of Great Lakes Governors (governors) 
and Great Lakes and St. Lawrence Cities Initiative (mayors)] have promoted 
legislation before both the US House of Representatives (HR 2720 -  the Great Lakes 
Restoration Financing Act) and US Senate (S 1398 -  the Great Lakes Environmental 
Restoration Act) to provide funding for the improvement of Great Lakes water quality 
(including the reduction of BWQF) and prevention of invasive species such as zebra 
mussels (Snyder et al 1997) (Figure 1.2).
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Figure 1.2 -  Zebra mussels washed up on a Lake Erie beach, © Bay City Times (courtesy Great Lakes 
Environmental Research Labi.
MATERIAL REDACTED AT REQUEST OF UNIVERSITY
Lake Michigan is the second largest of the Laurentian Great Lakes and the only Great 
Lake contained entirely within the borders of the United States. Possessing a surface 
water area of 57,800 km^ it is the regions primary source of drinking water and 
supports many recreational uses including sport and commercial fishing and 
swimming [Online, Great Lakes Information Network (GLIN), http://www.great- 
lakes.net/, last accessed 13* October 2003].
Lake Michigan has a land drainage area of 118,000 km^ and has seen the greatest 
increase in coastal population in the Great Lakes system (Great Lakes Atlas 1995) 
(Figure 1.3). As population increases, surface waters are increasingly impacted by 
their watershed and more frequent BWQF may occur [Online, Great Lakes 
Information Network (GLIN), http://www.great-lakes.net/, last accessed 13* October 
2003].
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Figure 1.3 -  Population growth in the Great Lakes 1900 -  1990 (© Great Lakes Atlas, 1995)
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The protection of visitor health in the beach waters of Lake Michigan has been a long­
standing commitment lake wide (Nevers and Whitman in press) and in WI (Schrank 
1986). Racine, WI was one of the original members of the Southeastern Beach Task 
Force and this community has had a consistent recreational water-testing program for 
over twenty years (City of Racine Health Department records). Since 1999 there has 
been participation in pilot research studies aimed at better public notification 
regarding recreational water quality issues and research aimed at reducing the 
frequency of beach closures (USEPA EM?ACT grant participant). When 
implementation of the BEACH Act o f2000 (USEPA 2000b) was in the planning 
stages for the state of WI, many of the best practices already employed in Racine were 
incorporated into the WI DNR guidelines (Toni Glymph -  personal communication).
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In May 2003, WI became one of the first states to fully implement the BEACH Act. 
Under this act, all municipalities in the state with designated swimming beaches on 
Lake Michigan were required to monitor recreational water quality using the USEPA 
approved bacteriological indicator {E. coli for fresh water) and create a database for 
the transfer of this monitoring data annually to the USEPA (The USEPA is required 
under the Clean Water Act section 406(a) to publish performance criteria for 
monitoring and assessment of coastal beaches). Of the 15 coastal counties, 13 
participated. Ten state parks also participated.
For the purposes of regulation, the WI DNR has defined a beach as an area not 
contained in a manmade structure and adjacent to the coast of either Lake Michigan or 
Lake Superior that is used for any recreational water activity (WI DNR Beach 
Program 2003). Based on this definition WI has 190 coastal, fresh water beaches.
These 190 beaches have been given priority designations according to a tiered 
monitoring plan with specific performance criteria to meet USEPA requirements (WI 
Beach Program: Informational Training Session, May 2003) in the following areas: 
sampling and monitoring, prompt notification of the public of exceedances of water 
quality standards with respect to E. coli, and reporting of results. The frequency of 
testing (number of days per week samples will be collected) is based on beach usage 
(based on previous counts of bather density) using the designations low (state and 
local authorities will jointly agree on testing frequency, may vary but no less than five 
times per 30 days), moderate (tested twice weekly) and high (tested five days per 
week, Monday -  Friday). The number of samples collected per beach is based on the 
amount of shoreline (a minimum of one sample every 500 m).
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For example, North Beach in Racine, WI is 828 m long and designated as a high 
usage beach and therefore will be required to collect a minimum of two equidistant 
samples five days per week. Previously, compliance monitoring only required one 
sample collection site regardless of length of coastline which is similar to 
requirements currently in place under the 1976 EU/EEC Bathing Water Directive.
Advisories are to be posted at all bathing beaches when E. coli levels meet or exceed 
the 235 MPN/100 ml USEPA single sample limit guidelines or alternatively the five- 
day geometric mean of consecutive samples exceeds 126 MPN/100 ml (Table 1.11). 
Bathing beaches are to be closed for swimming when any of the following occur; E. 
coli levels exceed 1000 MPN/100 ml, an imminent health risk occurs (CSO or other 
sewage spill), reports of GI illness exceed the normal incidence at which one would 
expect them to occur (regardless of bacterial indicator count), or after heavy rainfall in 
areas influenced by such. Outside of WI, the current level of compliance with the 
BEACH Act varies (A1 Dufour —personal communication). These guidelines replace 
the former WI model ordinance for public beaches (supported by WI state statute 
144.025 and WI DNR Chapter 102) which stated that the fecal coliform density of the 
last five consecutively collected samples taken over five separate days within a 30- 
day period should not exceed a geometric mean o f200 per 100 ml nor should any 
single sample exceed 1000 per 100 ml {WI Model Ordinance fo r Public Beaches, WI 
DNR, Chapter NR 102, 1992). [NOTE: In 2002 the WI DNR had not yet standardized 
the reporting of bathing water quality failures. While some municipalities used a 
good, fair, poor approach, the City of Racine used the designations open (when water 
quality did not exceed USEPA limits) or closed (when water quality exceeded 
USEPA limits].
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For the purpose of comparison, in this research study the 2002 reporting was 
standardized to the 2003 -  2004 method of posting advisories and closures 
(open/good = E. coli ^ 3 5  MPN/100 ml, advisory = E. coli >235 -  999 MPN/100 ml, 
closed = Æ coli >1000 MPN/100 ml)].
Table 1.11 -  A hypothetical example o f compliance monitoring in Racine at the outset o f a bathing 
season using both the USEPA single sample limit and a calculated five-day geometric mean (first seven 
consecutive days o f monitoring using anF. coli standard). [GM = geometric mean, DGM = daily 
geometric mean, n/a = not applicable]
Day
Sampling Location Calculated
DGM
(N1-N4)
Calculated 
5-day GM
Outcome
N1 N2 N3 N4 Single-Sample
Exceeded? 5-day GM 
Exceeded?E. coli MPN/100 ml
1 10 37 52 67 34 n/a no n/a
2 118 135 189 237 163 n/a yes n/a
3 127 135 189 167 152 n/a no n/a
4 52 97 118 97 87 n/a no n/a
5 237 336 289 357 301 117 yes no
6 127 135 189 163 152 158 no yes
7 10 10 52 10 15 98 no no
1.8.2 History o f Bathing Water Quality Monitoring and Pilot Studies in 
Racine, WI
1.8.2.1 Indicators and testing methods.
Racine, WI, US (population 82,600) is located approximately 130 km north of 
Chicago, Illinois and 50 km south of Milwaukee, WI on the southwestern shore of 
Lake Michigan (Figure 1.4).
The City of Racine has been consistently monitoring the quality of its surface waters 
for at least 45 years originally using total coliform bacteria (historical records, Racine 
Health Department Laboratory).
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Figure 1.4 -  Location o f Racine, WI in relation to the Great Lakes and other major US cities
(modification o f Kinzelman et al 2003, © Lake and Reservoir Management, 2003).
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Fecal coliforms later replaced total coliforms as the water quality indicator although 
historic records are incomplete and an exact year can not be determined. While no
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documentation exists within Racine Health Department records, it could be surmised 
that a change occurred as a result of the 1976 USEPA Quality Criteria fo r  Water 
which recommended the fecal coliform group as a more appropriate indicator 
(USEPA 1976).
Although published in 1986, and recommending the use of either E. coli or 
enterococci for monitoring fresh water, the USEPA 1986 Ambient Water Quality 
Guidelines did not mandate the adoption of these indicators and Racine continued to 
use fecal coliforms under the old 1976 standards. In 1999, after a two-year in-house 
study (Kinzelman, unpublished) and in support ofrconfirming a study undertaken by 
Standridge (1995) which demonstrated that the majority of total coliforms originating 
from fecal sources were E. coli specifically (Standridge 1995), the City of Racine 
made the decision to switch from a fecal coliform to an E. coli standard.
1.8.2.2 Annual bathing water quality advisories. Even with the change to a more 
discriminatory indicator {E. coli), the City of Racine still experiences several annual 
incidences of poor bathing water quality at its two main public bathing beaches. 
Bathing water quality failures at North and Zoo Beaches have remained frequent [on 
average 23 days (25 per cent) of an approximate 92 day swimming season (range of 
87 to 96 days)] over the past 11 years (1994 -  2004), which has resulted in a negative 
public perception with regard to the quality of Racine’s recreational waters (section 
1.8.1, Table 1.11).
Advisories peaked in 2000, equaling 62 days or 66 per cent of the total season at 
North Beach, the main public bathing area (Table 1.12). The frequency with which
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these bathing water quality failures occurred brought in to question the choice of E. 
coli as an indicator. Therefore, a pilot study was undertaken by Kinzelman et al 
(2003a) in 2001 with the cooperation of the City of Milwaukee Health Department 
(whose experience was similar) to determine if enterococci may be a more relevant 
indicator of Lake Michigan bathing water quality.
Table 1.12 -  Annual beach advisories posted at North and Zoo Beaches, Racine, WI for the period 
1994 to 2004 (total number o f advisories/% o f bathing season) (adapted from Racine Health
Annual Bathing Water Quality Advisories -- Racine, WI*
Year North Zoo Bathing Season
Beach Beach (Total Days)
1994 5/6% 21/25% 84
1995 51/59% 42/48% 87
1996 5/5% 2/2% 95
1997 18/19% 30/32% 93
1998 16/16% 4/4% 98
1999 15/16% 19/20% 94
2000 62/66% 39/41% 94
2001 17/20% 21/25% 84
2002 27/31% 22/25% 87
2003 31/32% 26/27% 96
2004 22/22% 16/16% 99
1.8.2.3 E, coli and enterococci as water quality indicators. Enterococci, as well as 
E. coli, may be used for the determination of bathing water quality in fresh water 
systems (USEPA 2000c) and the approval of DST (for both indicators) in the USEPA 
ambient water rule (2003) had the potential to reduce the time from sample collection 
to public notification. The pilot study conducted by Kinzelman et al (2001) revisited 
the choice of indicator organism {E. coli versus enterococci) and evaluated currently 
available test methodologies (Kinzelman et al 2003a).
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In the 2001 study the use of enterococci as an indicator of fresh water bathing water 
quality water was investigated and routine monitoring samples were split-tested for 
the presence of enterococci in addition to the current indicator, E. coli. The purpose of 
this research was threefold: 1) to compare enterococci as an alternative to E. coli for 
monitoring fresh water Lake Michigan beaches, 2) to evaluate the impact of the two 
indicators on regulatory decisions and 3) to compare membrane filtration (USEPA 
Method 1600/mEI agar) to DST (IDEXX Enterolert®) for the recovery of 
enterococci.
Recreational water samples from Milwaukee (n=305) and Racine (n=153) were 
analyzed for the enumeration oîE. coli and enterococci using IDEXX Colilert-18® 
and Enterolert® respectively. Correlation between the indicators was low (R^ = 0.60 
and 0.69) compared to the previously established method correlation cut-off of R^ = 
0.85. Based on the USEPA five-day geometric mean fresh water standard for full 
body immersion [33 MPN/100 ml for enterococci and 126 MPN/100 ml for E. coli 
(USEPA 2000)], employing enterococci for microbial assessment would have resulted 
in 56 additional BWQF as opposed to E. coli using the substrate-based methods 
(Kinzelman et al 2003a). These additional failures may not reflect an increase in 
health risk nor provide additional protection to the public with regard to exposures 
(Medema et al 1997, Coughlin 2001, Noble 2003).
A comparison of the two enterococci methods (mEI agar and Enterolert®) (n =124) 
yielded a coefficient of determination of R^ = 0.62 with poor dispersion about the 
trend line indicating that the rate of recovery was not in a 1:1 ratio. Results were also 
confounded by the frequent inability to verify enterococci (approaching 50 per cent)
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from those wells producing fluorescence by DST using conventional microbiological 
methods. This phenomenon was seen more frequently in Quanti-Tray® wells 
exhibiting a lesser degree of fluorescence (Kinzelman et al 2003a).
The initial assessment of Enterolert® by the manufacturer had a false positive rate of 
five per cent (Budnick et al 1996), yet stated that non-enterococci were suppressed by 
the incorporated antimicrobial agents and could not metabolize the nutrient-indicator 
4-methylumbelliferyl-B-D-glucoside (Chen et al 1995). Enterococci maybe of fecal 
or plant origin (WHO 1993, Müller et al 2001) including filamentous algae that are 
autochthonous in the environment (Byappanahalli et al 2003b). It was hypothesized 
that environmentally isolated enterococci or other bacteria possessing similar 
biochemical characteristics may have been responsible for the low verification rate.
Beach sands can harbor microorganisms. Previous studies at this test site indicated 
that near shore, and to a lesser extent submerged, sediments were a source of E. coli 
(Kinzelman et al 2003a, Kinzelman et al 2004a). Because the number of enterococci 
recovered on mEI agar versus Enterolert® did not follow a factorial relationship of 
1:1, and the potential for interferences from background organisms existed, the near 
shore beach sands were surveyed in 2001 to determine at what concentrations E. coli 
and enterococci might be present (as an estimation of total sediment bacterial burden). 
The additional presence of enterococci in sediments may indicate that other organisms 
with a similar biochemical make-up may inhabit temperate sediments and could be 
responsible for the false positive reactions observed in this study (Kinzelman et al 
2003a). The results of the beach sand survey are presented in Table 1.13, A and B.
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Table 1.13 (A) - Mean concentrations per gram (dry weight) oîE . coli and enterococci recovered from 
foreshore sands during the summer o f 2001. [*N/A = not applicable, cfii = colony forming units, n = 
total number o f samples collected]
Ibacterial Indicator Concentration Recovered from Foreshore Sands - 2001
Site
Samples
Collected
(n)
Mean Foreshore 
Sand enterococci cfu 
per gram dry weight
Range
Mean Foreshore 
Sand E  coli cfu per 
gram dry weight
Range
N1 17 5.5 0 .3 1 -2 3 .6 5 9.5 0.11-33.78
N2 17 5.1 0 .20 -2 6 .5 8 11.4 0 .1 3 -2 6 .5 8
N3 17 8.7 0 .3 3 -2 7 .6 4 14.0 0 .1 1 -2 7 .6 4
N4 17 8.2 0 .63 -30 .91 15.8 0 .47-111 .73
Z1 17 3.7 0 .16 -12 .33 N/A* N/A*
Z2 17 11.6 0 .2 0 -4 4 .1 0 N/A* N/A*
Z3 17 7.8 0 .2 3 -4 1 .5 4 N/A* N/A*
Table 1.13 (B) - Mean concentrations per gram (dry weight) o f E. coli and enterococci recovered from 
submerged sands during the summer o f 2001. [*N/A = not applicable, cfu = colony forming units, n = 
total number o f samples collected]
Bacterial Indicator Concentration Recovered from Submerged Sands -  2001
Site
Samples
Collected
(n)
Mean Submerged 
Sand enterococci cfu 
per gram dry weight
Range
Mean Submerged 
Sand E  coli cfu per 
gram dry weight
Range
NX 17 0.1 0 .0 6 -0 .6 5 1.5 0 .0 -1 1 .8 5
N2 17 0.2 0 .0 5 -1 .6 1 0.8 0.05 -  6.09
N3 17 0.5 0.05 -  5.09 2.4 0 .0 7 -2 0 .2 1
N4 17 1.5 0 .0 6 -1 6 .0 3 1.6 0 .0 6 -1 1 .3 8
Z1 17 1.1 0 .0 7 -6 .5 6 N/A* N/A*
Z2 17 2.7 0 .0 6 -1 6 .0 6 N/A* N/A*
Z3 17 2.0 0 .0 5 -1 2 .1 6 N/A* N/A*
The average amount of E. coli recovered from foreshore sand at North Beach ranged 
from a low of 9.5 cfu/g dry weight of sand to a high of 15.8 cfu/g dry weight of sand. 
The average amount of enterococci recovered from foreshore sand at North Beach 
ranged from a minimum of 5.5 cfu/g to a maximum of 8.2 cfu/g dry weight. The 
ratio of E. coli to enterococci was approximately two to one. The density of bacterial 
indicators was much less in the submerged sand samples, approximately one order of 
magnitude for both E. coli and enterococci. The upper ends of the range for both E. 
coli and enterococci indicate that there is a bacterial burden in both foreshore and 
submerged sands. The potential for interference then exists although the scope and 
identity of the culprit organism(s) will require further investigation.
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It was determined that additional research was necessary regarding the use of DST 
interchangeably with the USEPA approved membrane filtration test for the detection 
of enterococci from fresh surface water. Further research, for the purpose of this 
thesis, was undertaken in 2002 to elucidate the relationship between intensity of 
fluorescence and verification rate when analyzing enterococci from a fresh water 
environment.
If forthcoming guidance documents ever recommend the standardization of a single 
nationwide recreational water quality indicator organism, issues regarding the 
detection of enterococci in fresh water must be resolved.
1.8.2.4 Using DST or MF for the quantification oîE. coli from surface water.
Routine monitoring, employing appropriate indicator organisms, allows for successful 
protection of public health but the regulation of recreational waters can suffer several 
limitations including a turn around time in excess of 24 hours, unavailability of 
trained staff, lack of laboratory facilities and a potential increase in costs associated 
with implementation (Kinzelman et al 2000).
Previously, the Racine Health Department Laboratory relied on the MF technique for 
the recovery of E. coli from surface water samples. The MF method for the recovery 
of E. coli has disadvantages, including the requirement for a traditional laboratory 
staffed by personnel proficient in basic microbiological techniques and a tum-around 
time in excess of 24 hours (Brenner and Rankin 1990, Fricker et al. 1996).
49
Association of indicator organisms to environmental conditions (predictive modeling, 
section 1.3.2) and other analytical methods that could significantly reduce the turn 
around time are currently under investigation (fiber optics, flow cytometry, real-time 
PCR) (section 1.3.2) but are not yet available to testing laboratories (Rose and Grimes 
2001, Dufour 2003, Haack 2003a). In 1999 the Milwaukee Health Department 
Laboratory, Milwaukee, WI, with the City of Racine Health Department Laboratory 
as a sub-contractor conducted a two-year study to investigate simple and more rapid 
methods for the detection o f E. coli in fi-esh water as a means for more timely public 
notification regarding bathing water quality (Kinzehnan et al 2000, USEPA 2000b, 
Kinzelman et al 2005a).
In the past Aeromonas species, a micro-organism inhabiting aquatic environments and 
soils worldwide (Skanavis and Yanko 2001), was noted by some researchers to give 
false positive o-nitrophenyl-beta-D-galactopyranoside (ONPG) reactions using 
Colilert®, due to lack of inhibition (Standridge - personal communication). This issue 
had been resolved by the manufacturer at the time of the Racine study and other 
published works had verified the use of IDEXX Colilert (18-hour and 24-hour) as an 
acceptable alternative to other test methods for the recovery of E. coli fi-om drinking 
water, source water, and wastewater (Edberg et al 1990, Rice et al 1990, Edberg et al 
1991, Fricker et al 1995, Barrell et al 1997, Eckner 1998, Graham 1999). Few 
studies worldwide had explored the use of DST as an alternative to traditional MF 
methods for the recovery of micro-organisms firom bathing waters. Of those studies, 
the major focus has been on marine bathing waters (Palmer et al 1993, Eckner 1998, 
Pisciotta et al 2002) rather than fresh water (Francy and Darner 2000).
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In this thesis, a retrospective analysis of split sample testing (MF compared to DST) 
of bathing water samples will be conducted using appropriate statistical analyses to 
determine if  the two methods for the quantification of E. coli are equivalent. By 
utilizing the 18-hour formulation of this USEPA approved drinking and ambient 
water quality method for the detection of E. coli, public health could be improved 
through faster notification (18 versus 24 or more hours).
1.8.2.5 Potential sources of bacterial contamination. While Racine’s compliance 
monitoring program would be enhanced through the use of the most relevant indicator 
and fastest currently approved testing method, reductions in the number of BWQF 
could not be actualized without the identification and remediation of point and non­
point (diffuse) pollution sources. Previous research initiatives had identified some of 
these likely sources of pollution.
Identified point sources of pollution contributing to poor bathing water quality in 
Racine were the six storm drains which discharged either into Lake Michigan or the 
Root River whose mouth empties directly south of the public bathing beaches. These 
sources, empirically, would have the greatest impact during wet weather events. The 
pattern with which BWQF occurred (equally during both wet and dry periods) implied 
that direct sources were not the sole source of contamination and that indirect sources 
of pollution also played a significant role in effecting the quality of the surface water.
Potential diffuse sources of pollution at Great Lakes bathing beaches would include 
those natural reservoirs previously discussed in section 1.5.2. In Racine, large 
populations of seagulls fi*equenting the public bathing beaches could result in a
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significant fecal burden on foreshore beach sands, exacerbated by the presence of 
stranded algal mat which appear periodically throughout the bathing season (City of 
Racine Health Department records).
1.8.2.5.1 Point sources of contamination identified in Racine, WI -  Storm Drains.
Storm water may represent a significant source of fecal contamination in an urban 
area (City of Racine 2004). Some storm water discharge may be contaminated with 
untreated human waste caused by sewer misconnections or crumbling infrastructure 
(DEFRA 2002). In 1997 an assessment of the six large storm drains potentially 
impacting the surface water quality of Lake Michigan, either directly or indirectly, 
was performed in Racine, WI (combined baseflow and rain event data. Table 1.14).
Table 1.14- Range o f E. coli concentration from various storm drains impacting surface waters in 
Racine, WI - 1997 (City o f Racine Health Department data), [cfu = colony forming units]
E. co// Concenltration in Storm Drain Discharge - 1997
Site of storm drain Discharge Point E. coli cfu/100 ml
Augusta Street Lake Michigan 0 - 1400
Water Street Root River 1 - 4700
English Street Lake Michigan 1 - 38,000
Shoop Park Lake Michigan 1 - 2200
Vicennes Circle Lake Michigan 1-300
Washington Park Root River 60 - 6600
Of these six sites surveyed the English Street storm drain contributed the greatest 
amount of E. coli', six times higher than the next highest site (Washington Park). As a 
consequence of this study, the City of Racine Department of Public Works televised 
the entire catch basin to determine if improper sanitary connections, cross 
connections, or failed infrastructure were taking place in the collecting area serviced
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by the English Street storm drain. Infractions of both varieties were detected, 
corrected and continue to be monitored as part of the municipal storm water 
management plan (City of Racine records, Rick Jones - personal communication).
Since the English Street storm drain was determined to a significant source of 
bacterial pollution to Lake Michigan (City of Racine Health Department records), it 
was re-engineered beginning in the autumn of 2000 by the City of Racine Department 
of Public Works. Relocated higher on the embankment above Lake Michigan (as 
opposed to being a dry well or sump located directly on beach sands) (Figure 1.5), it 
now includes two Vortechs® systems (an USEPA award-winning system) designed 
for the removal of solid wastes, contaminated sediments, and oils (Vortechnics 
Engineered Stormwater Products, Scarborough, Maine, US) (Figure 1.6) and a series 
of nine infiltration/evaporation beds directly to the north which receive the initial 
storm water discharge during periods of rainfall (Figure 1.7). Each Vortechs system 
is custom designed based on: site size, site runoff coefficient, regional intensity 
distribution, and anticipated pollutant characteristics (Vortechs technical design 
manual).
During rain events the “first flush” of storm water (one to two cm), generally accepted 
as being that portion of storm water which is most contaminated (Jaren Hiler, PE -  
personal communication), is diverted through the Vortechs System®, and then 
channeled to the infiltration/evaporation beds which provide storm water retention.
At no point in time is the “first flush” storm water discharged directly to Lake 
Michigan even though large rain events may exceed the capacity of the system to 
handle the entire volume of storm water discharge.
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Figure 1.5 -  English Street storm drain as it appeared prior to re-engineering. The original storm water 
outlet contained a sump which discharged stagnant water on to sands in the beach area (Liana J. Cooper 
© The Journal Times)
,  ÉV t'
Figure 1.6 -  Vortechs® System for the removal of solid waste (© Vortechnics, Available at; 
www.vortechs.com. last accessed 19 May 2005)
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Initially estimated by the engineering firm who installed them (Earth-Tech, 
Milwaukee, WI) to provide a decrease of ten to 20 per cent in the amount of bacteria 
being transported to Lake Michigan, it was one of the aims of this study to determine 
whether this system (completed in 2003) was functioning as anticipated during rain 
events, chiefly redirecting storm water within its operating capacity (~ 0.62 cm per
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rainfall event). [NOTE: This system has a finite capacity and any rainfall in excess of
0.62 cm flows concurrently through a bypass outlet, partially bypassing the Vortechs 
System® and directly entering Lake Michigan.]
Figure 1.7 -  A view o f the nine vegetated infiltration/evaporation basins which receive storm water 
from the English Street storm drain, Racine, WI.
Secondary areas targeted for assessment in this study were the plunge pools (pools of 
stagnant water) which accumulated at the terminal end of the infiltration/evaporation 
beds and the base of the storm water bypass outlet. These two areas were most likely 
formed due to the hollowing out of the sand by the velocity of the storm water. A 
weekly determination of E. coli concentration may give insight into whether this site 
is still a significant contributor (directly via rain events or indirectly via wave action) 
to the bathing water failures noted at the study site.
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The determination of E. coli concentration within the plunge pools may also provide 
insight into the role which wetland vegetation may play in remediating this site. In 
addition to receiving and retaining the storm water, vegetation, planted in the 
infiltration/evaporation beds for aesthetic value, may be providing an additive effect 
of filtering out additional micro-organisms from these bioretention basins (Novotny 
and Olem 1994, Perkins and Hunter 2000, Nehring and Bruning 2002, Karim et al 
2004). Similar remediation steps, those that involve the placement of native 
vegetation at the site of the outfall bypass may further reduce the potential for 
bacterial contamination from this direct contamination source.
The other storm drains, while not having as great a direct impact on bathing water 
quality as the one located at English Street, may still contribute, along with other 
sources of pollution such as surface runoff, to localized inputs of contamination.
1.8.2.5.2 Local and regional sources o f  contamination (including Root River). The
City of Racine is located within the Root-Pike River watershed which remains 60 per 
cent agricultural. The mouth of the Root River empties into Lake Michigan 
approximately 1.6 km south of the public bathing beaches. As previously discussed in 
section 1.5 the mouth of the river may be considered a potential point source of 
contamination but river water drainage, which can accumulate contamination from 
multiple sources as water moves through the watershed (e.g. urban and agricultural 
runoff or discharges form sewage overflows) must be examined in the context of other 
potential contamination sources in order to estimate relative contribution to the overall 
quality receiving waters.
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Due to the proximity of the Root River to the bathing beaches it is possible that river 
water could plume in their direction given the right set of environmental conditions 
during high flow events. Therefore, high concentrations of bacteria, present in riverine 
discharge, have the potential to impact bathing water quality at the public beaches 
located to the north of the river’s mouth (Figure 1.8). It had also been hypothesized in 
the media that poor surface water quality could be a result of the transport of micro­
organisms from surrounding communities (The Journal Times, 2003). Regional water 
quality in Racine would be primarily influenced by CSO and SSO events from 
Milwaukee, a community to the north of the city. During these events, sewage 
discharge, if reaching deep water, could theoretically be transported in a southerly 
direction due to the natural counterclockwise rotation of Lake Michigan currents.
Figure 1.8 -  Sites identified as potential contamination sources meriting further examination as part of  
near shore and offshore spatial distribution studies, Racine, WI [Green arrow indicates north].
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Therefore, same-day, event-based offshore spatial distribution studies conducted as a 
part of this thesis project were designed to include multiple samples taken from the 
mouth of the Root River as well in the direction of Milwaukee to confirm local and 
investigate regional influences on the bathing beaches (Figure 1.8 and Figure 1.9).
Figure 1.9 -  Location of southern half o f offshore spatial distribution study (Zoo Beach and Wind 
Point approximately one mile to the north are not shown) [Black arrow indicates north].
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Previous offshore spatial distribution studies chiefly involved the determination of the 
effects of the English Street storm drain prior to its redesign in 2000 including an 
assessment of E. coli concentration in relation to distance from shore (storm water 
plume modeling, City of Racine Department of Public Works and Earth-Tech 1999). 
The offshore spatial distribution study, conducted in 2004, with the assistance of the 
University of Wisconsin-Milwaukee WATER Institute) covered an area bordered on 
the north by Wind Point (with A, being approximately two km north of B), on the 
south by the breakwater enclosing the Racine Yacht Club marina (B), on the west by
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North and Zoo Beaches (C) and on the east by an imaginary line drawn between 
points A and B (Figure 1.9).
1.8.2.5.3 Indirect sources of contamination. While identifying direct contamination 
sources is important to improving bathing water quality, a total assessment including 
non-sewage, non-storm water contributors of fecal contamination is necessary in 
order to determine appropriate remediation steps for the improvement of near shore 
water quality (Wyer et al 1997).
Bathing water quality is routinely assessed in the shallow near shore areas of the 
designated swimming area. The water quality in these areas can be influenced by 
direct pollution sources such as storm drains but also by surface run-off traveling over 
beach sands, an indirect pollution source (McLellan 2004).
I
Worldwide, beach sands have become increasingly recognized as an indirect source of 
bacterial indicator organisms such as E. coli (Aim et al 2003). Some researchers even 
suggest that they be monitored in conjunction with surface waters during the 
swimming season (Olahczuk-Neyman and Jankowska, 2001) indicating that they may 
pose a health risk themselves to certain populations of beach goers (Rusin et al 1997, 
Bonadonna et al 2002). Regionally, in a recent study performed at the 63"^  Street 
Beach, Chicago, Illinois, newly placed upland sands were monitored for E. coli 
density. Over the course of two weeks the density of E. coli in foreshore and 
backshore sands and near shore waters increased dramatically suggesting that the new 
sands temporarily decreased E. coli content. Furthermore, the density of E. coli was 
significantly correlated to the number of seagulls present (Whitman et al 2003a).
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Fecal droppings from birds may account for a significant contribution of indicator 
organisms, including E. coli, to sediment including intertidal zones and foreshore 
sands (Whitman 2001) (previously discussed in section 1.5.2). Therefore, fecal 
loading of the sand in the absence of adequate remediation and under favorable 
environmental conditions could be partially responsible for the high numbers of E. 
coli recovered from bathing waters (Standridge ct al 1979, Davies ct al 1995).
E. coli may also be found autochthonous in the environment in association with beach 
sands and not as a result of any direct source of fecal contamination (see section 
1.5.2). Recent research indicates that bacterial indicator organisms may be associated 
with natural processes such as algal blooms (see section 1.5.2). The shores of Lake 
Michigan undergo seasonal fluctuations in the amount of Cladophora (a filamentous, 
green algae) that accumulates on or near the shoreline. Conditions favoring growth of 
algae in Lake Michigan include: a rocky substrate, optimal water temperature (1 0 -2 5  
C), subsurface light penetration and nutrients (phosphorous, nitrates and calcium) 
(Janssen 2005). In recent years there has been a resurgence in the amount of algal 
blooms in the Great Lakes region which may indicate some sort of stress on the 
ecosystem [increased nutrient input, lower lake levels, climate changes, invasive 
species such as zebra and Quagga mussels (filter feeders that may increase the 
euphotic zone)] (Harris 2004). During the summer months, if  not removed, large 
amounts of algae may decompose, becoming malodorous and unsightly (Stauffer 
2004). In addition to being aesthetically unpleasing, high levels of algae may also be 
linked to elevated concentrations of bacterial indicator organisms in the Great Lakes 
(E. coli and enterococci) (Byappanahalli ct al 2003b, Kleinheinz 2003, Whitman ct al 
2004).
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Other than wet weather events linked to the storm drain, bathing water advisories in 
Racine were infrequently associated with identifiable contamination sources. Beach 
sands at the shoreline had been frequently hypothesized as one non-point source of 
pollution at North Beach (Foth and Van Dyke 1993, Tom Bunker, City of Racine 
Wastewater Utility - personal communication). The large resident population of 
seagulls (often numbering up to 1000 individuals per day, see Results, Chapter 3) that 
roost there and resurgence in algal blooms could be providing a substantive fecal 
burden. This hypothesis merited investigation.
A non-point source o f  contamination identified in Racine, WI -  Beach Sands. In a
previous study conducted by Kinzelman ct al (2001), foreshore and submerged sands 
and the water column were sampled in parallel transects at North Beach (N1 -  N4) to 
test to see if a statistically significant correlation existed between the numbers of E. 
coli isolated (Kinzelman ct al 2003b, Kinzelman ct al 2004a).
Densities of E. coli in surface water samples ranged from one to 5475 MPN/100 ml, 
which was roughly similar to the colony forming units per gram (CFU/g) recovered in 
the submerged sand samples (zero to 4000 CFU/g) if one takes into account the fact 
that 100 ml of water weighs 100 grams [Grain size distribution studies scheduled for 
2005 will aid in the elucidation of this relationship]. The densities of E. coli in 
foreshore sands ranged from zero to 20,000 CFU/g (Figure 1.10). The total mean of 
all four sites for the foreshore sand samples was approximately an order of magnitude 
higher than that of either the surface water or submerged sand samples (Table 1.15). 
Statistical analysis using ANOVA independent group analysis and Newman-Keuls 
multiple comparisons demonstrated that the density of E. coli recovered from the
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foreshore sand samples was significantly higher (p< 0.001) than either the surface 
water or submerged sand samples (0 := 0.05).
Figure 1.10 -  An example o f the average distribution of E. coli in foreshore versus submerged beach 
sands from June 2001 (paired data color-coded by day) [cfu = colony forming units, ave = average] 
(Kinzelman 2004a).
Concentration of E. coli in Foreshore vs. Submerged Sands at North Beach, Racine, VvTl Ju n e
2001
um tu
cCREEHO RE SAND AV£. SU S 'ER SE C  EANC
L O C A T I O N
Table 1.15 - Mean densities (%) of E. coli isolated from foreshore sand, surface water and submerged 
sands collected during the summer of 2001 [cfu = colony forming unit, MPN = most probable number, 
N= total number o f samples] (Kinzelman et al 2004a).
Mean Density oiE . coli Isolated from Foreshore Sand, Submerged Sand, and
Surface Water -  Racine, WI 2001
N
Foreshore Sand 
[cfu/g dry wgt.] 
(X)
Submerged Sand 
[cfu/g dry wgt] 
(X)
Surface Water 
[MPN/100 ml] 
(X)
North Beach - Site 1 75 1467 190 69
North Beach - Site 2 75 1223 166 110
North Beach - Site 3 75 1928 248 231
North Beach - Site 4 75 1544 344 144
Average, all sites 
(X):
1540 237 138
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The means of the submerged sand samples and surface water samples did not differ 
significantly from each other (Kinzelman et al 2004a). Although concentrations oîE. 
coli would be expected to be lower in surface waters versus foreshore sands due to 
dilution effects, it is believed that the concentration of bacteria recovered from 
foreshore sands was sufficiently high to be considered an indirect source of pollution 
(Desmarais et al., 2002) and potential abatement measures were investigated.
Altering mechanical grooming practices to reduce E. coli density in beach sands.
Mechanical manipulation of beach sands for the removal of debris is a common 
practice in the US (http://www.surfrider.org/a-z/beach grooming.asp, last accessed 30 
November 2004). Removal of visible wastes improves the aesthetic value of the beach 
while providing protection to the health of the public through the removal of 
hazardous materials. Benefits such as these are obvious but few researchers to date 
have examined the effects of such manipulations on the bacterial content of beach 
sands.
To determine whether mechanical grooming depth or grooming frequency had a 
significant effect on the amount of E. coli recovered from beach sand at North Beach 
in Racine, WI, a controlled experiment was performed for two weeks in 2001 
(Kinzelman et al 2003b). This study used a randomized block design consisting of 
three treatments (current mechanical grooming and deep hand raking either twice 
weekly or daily) and a control (undisturbed sand) (Figure 1.11). Results showed that 
E. coli concentrations for treatments and control were relatively predictable and 
consistent with the counts rarely dropping below a mean of 20 CFU/g dry sand. 
Statistical analyses of the data showed a significant difference (p< 0.001) in E. coli
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counts between the professionally groomed area and the test plot (two hand-raked 
treatments and the control) but no difference between any of the treatments contained 
in the test plot. Raking with either frequency had no apparent advantage to leaving the 
sand undisturbed in this study while deep hand-raking appeared to have an advantage 
over the mechanical manipulation of the beach sands (Kinzelman et al 2003b).
Figure 1.11 -  Treatment area for 2001 grooming study (U = ungroomed, T = groomed deeply twice 
per week, D = groomed deeply daily). The control area (area groomed by mechanical beach groomer) 
was located adjacent to these transects (Kinzelman et al 2003b)
1 2 3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1 9 2 0 2 1 2 2 2 3 2 4 2 5 2 6 2 7 2 8 2 9 3 0
T T D T T D T U T 0 0 D D U U T D D T U T U D D U T U U U U
F O R E S H O R E  S A N D S
The relationship between beach grooming and E. coli concentrations in the 2001 
study indicated that certain mechanical manipulations of beach sand might have the 
adverse effect of increasing or promoting bacterial persistence. This effect was most 
pronounced after a heavy rainfall that may have acted as an inducing event although 
conclusive evidence could not be drawn due to the limited duration of the study. 
Previous laboratory experiments have demonstrated that varying the moisture content 
of sediments to mimic tidal cycles could encourage re-growth of E. co//, especially in 
areas where increased vegetation provides a high organic content (Desmarais et al
2002). Altering beach grooming strategies to remove potential nutrient sources and
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reduce the moisture content of sediments could significantly reduce the density of 
micro-organisms in beach sands.
An additional study was conducted in 2002 to validate the results of the 2001 study 
(Kinzelman et al 2004b). Research will be presented demonstrating that based on the 
mechanical grooming technique employed, the visible moisture content or condition 
of beach sands was significantly correlated to the amount of E. coli recovered (see 
Applications of Research Findings, Appendix A).
1.8.2.6 Potential environmental parameters associated with bacterial indicator 
density. Other than obvious contributions firom point and non-point pollution 
sources, relationships may exist between the concentration of bacterial indicator 
organisms recovered from bathing waters and predominant environmental conditions 
(wind direction, wave height, precipitation, insolarity and surface water temperature) 
occurring at the beach which may act to trigger BWQF (Brenniman gfa/1981, 
Parkhurst et al 2005). An understanding of the interdependent relationship between 
environmental conditions, such as precipitation, and the influx of bacterial pathogens 
will aid in the determination of health risk (Curriero et al 2001, Charron et al 2004), 
the detection of potential pollution sources (Crowther et al 2004), and the 
development of geographically specific predictive models (Olyphant et al 2004).
1.8.2.6.1 Wave height The ability of contaminated beach sand to impact recreational 
waters is not solely dependent on bacterial contamination but also on the ability of 
these micro-organisms to be efficiently transported to the water column. Researchers 
in Huntington Beach, California hypothesize that a large reservoir of indicator
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bacteria in foreshore and near shore sediments may be continuously washed into the 
surf zone by wave action (Boehm et al 2002).
In a previous study conduced at this site by Kinzelman et al (2001) it was found that 
the best single predictor of current day E. coli concentration was wave height 
(Kinzelman et al 2004a). The second best predictor of surface water quality was any 
wind vector of or including the direction east (p = 0.02) (Kinzelman et al 2004a) 
(Table 1.14). A formula was derived using a constant and a combination of current 
day wave height [in 0.08 m increments] and the previous days E. coli count to 
successfully predict current day E. coli count (p= 0.009), although not real-time it 
does confirm the ability of waves to act as transport for indicators residing in beach 
sands (Kinzelman et al 2004) (Table 1.16).
Table 1.16 -  Local predictive model derived using the environmental parameters wave height and 
wind direction in conjunction with E. coli counts (Kinzelman et al 2004a).
Predictive Model Based on Ambient Environmental Conditions -  Racine  ^WI 
Best Predictor:
E. coli today = 10.801 + 0.248 (yesterday’s E. coli count) + 65.859 (wave height)
[p = 0.009]
Second Best Predictor:
Wave Height + Easterly Wind Vector [p = 0.02]
Since the beach sand environment was demonstrated to be an important reservoir for 
E. coli (see section 1.8.2.5.3) it is feasible that these micro-organisms can be delivered 
into surface waters, because of increased wave action at the shoreline (or due to 
surface run-off associated with rain events). Additional studies regarding the
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association of bathing water quality failures to wave height and wind direction were 
conducted as part of the spatial distribution studies (see Results, Chapter 3).
1.8.2.6.2 Surface water temperature. Surface water temperature may also play a role 
in the spatial distribution of indicator bacteria such as E. coli (Whitman 2004, 
Sampson, et al 2005). Favorable environmental conditions such as optimal 
temperatures can contribute to the growth of micro-organisms in near shore waters.
Lake Michigan is located within in a temperate climate and as such is subject to 
mixing and stratification with the change of the seasons (Figure 1.12). The 
stratification or layering of water in the lakes is due to density changes caused by 
changes in temperature. The density of water increases as temperature decreases until 
it reaches its maximum density at about four degrees Celsius. This causes thermal 
stratification, or the tendency of deep lakes to form distinct layers in the summer 
months.
Figure 1.12 -  Representation o f lake stratification (©The Great Lakes, an Environmental Atlas and 
Resource Book, 3^ *^  Ed., 1995.)
MATERIAL REDACTED AT REQUEST OF UNIVERSITY
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Deep water is insulated from the sun and stays cool and denser, forming a lower layer 
called the 'hypolimnion'. Surface and near shore waters are warmed by the sun, 
making them less dense so that they form a surface layer called the 'epilimnion'. The 
warm epilimnion supports most of the life in the lake including algae and could 
theoretically support replication and/or limited persistence of indicator micro­
organisms in a nutrient rich environment (The Great Lakes, an Environmental Atlas 
and Resource Book -  3^  ^Ed., 1995, Art Brooks —personal communication).
Besides stratification there is another process which may influence surface water 
quality. The physical limnological process known as “upwelling”, the transport of 
deeper water to shallow levels due to the action of the wind being blown across the 
surface of the lake, may also bring deeper waters to the surface of the lake. The 
persistence of upwelling events depends on the duration of the strong wind event. 
During an upwelling episode, the near shore waters are replenished with nutrient-rich 
hypolimnetic waters which may act as a nutrition source for microorganisms; thus, 
upwelling may affect near shore water quality by promoting bacterial persistence or 
replication (Aei2r  5/zore Waters o f the Great Lakes, SOLEC, 1996).
1.8.2.7 Summary of potential non-point pollution sources as identified by pilot 
studies. The southern Lake Michigan shoreline beaches are recreationally and, 
therefore, economically important to the region (third annual meeting of the Great 
Lakes Beach Association, 30* November and December, 2004, Parma, Ohio, US). 
Beach managers depend on the reliability of their E. coli monitoring programs to 
ensure healthy recreational opportunities. Studies undertaken have revealed 
numerous random and fixed factors that influence the outcome of routine compliance
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monitoring (Richard Whitman, Station Chief, USGS Ecological Research Station, 
Indiana Dunes National Lakeshore, Porter, Indiana, US). Random factors include 
sources such as beach sands, algae, and shoreline birds. Fixed factors include the 
time of sample collection and also the number and location of sample replicates 
(Whitman and Nevers 2004a, Whitman et al 2004b).
At the public bathing beaches in Racine large populations of shorebirds, specifically 
ring-billed and herring gulls were thought to be a large contributor to the overall 
bacterial content of beach sands (Obiri-Danso and Jones 2000, Aim et al 2003, 
Whitman and Nevers 2003a, Kinzelman et al 2004). Beach sands were hypothesized 
as a potential indirect pollution source (Foth and Van Dyke 1993). Another potential 
reservoir of bacterial indicator organisms, in addition to beach sands, is filamentous 
algae {Cladophora spp) (Whitman et al 2003b, Kinzelman 2005b). The spatial 
distribution of bacterial indicators in these natural reservoirs must be scrutinized in 
conjunction with a sanitary inspection and an assessment of predominant 
environmental conditions at the study site in order to determine what impact they may 
have on bathing water quality relative to the storm drain and the other local (Root 
River) and regional influences.
1.9 Chapter Summary.
Implementation of the USEPA BEACH Act has improved recreational water quality 
monitoring programs throughout the US, and in WI, through the standardization of 
compliance monitoring protocols. Racine, WI has no combined storm and sanitary 
sewers and no identifiable point source of pollution yet experiences water quality
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advisories approaching 20 per cent of the bathing season on average. It is suspected 
that the majority of the contributors to poor recreational water quality are diffuse 
(non-point) in nature. The health risk associated with these sources and their relative 
contributions to the overall quality of the surface water remains unknown. In light of 
recent global and nationwide initiatives this comprehensive study of how the 
distribution of bacterial indicators (in surface water, storm water, groundwater, sand 
and algae) and interaction of coastal processes (wave, wind, rain) impact surface 
water quality at North Beach was undertaken with the intention of determining the 
relative sources of contamination and evaluating current beach management practices. 
This systematic approach was aimed at providing insight into the mechanisms 
responsible for the issuance of frequent unsafe water advisories in this WI community 
and may serve as a model for source determination and remediation in both fresh 
water and marine communities worldwide.
Better management and remediation of contamination sources would allow for the re­
classification of bathing beaches previously identified as having poor water quality 
(AP-WHO 1999). The current WHO guidelines for safe recreational water 
environments base the initial classification of recreational waters on the combined 
evidence of human fecal contamination sources (sewage, river discharge, and bather 
contamination) and compliance monitoring using bacterial indicator organisms (WHO
2003). Where human inputs are minimal the potential for animal fecal pollution must 
be addressed (WHO 2003). Reclassification, or downgrading, of swimming- 
associated risk will be allowed when the non-point pollution is thought to not present 
the same level of risk to human health as pollution associated with a direct human 
source. In the proposed revision to the EC Bathing Water Directive of 1976
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discounting is also seen as a means for reducing the risk category for known fecal 
sources (generally thought to be diffuse in nature). This methodology could 
potentially waive water quality sampling during known and predictable pollution 
events (DEFRA 2002) since the outcome of such sampling can be predicted to be 
poor. This methodology could also be applied to scenarios where water quality data, 
when derived from periods during which effective management actions (such as the 
posting of an advisory notice after heavy rain events) were taken to discourage 
recreational water use because of poor water quality
(httn://www.defra.gov.uk/environment/water/qualitv/bathing/la-issues.htm. last 
accessed 30 November 2004).
1.10 Plan of Thesis.
The purpose of this study was twofold. The first purpose being to evaluate, within the 
framework laid out by the AP, the compliance monitoring scheme and testing 
methods currently employed by the City of Racine, concurrent with an investigation 
of both direct and indirect sources of contamination, to provide a better assessment of 
health risk to bathers in this Great Lakes coastal community. The second purpose was 
to use the information gathered to design and implement remediation strategies to 
reduce the input of bacterial contaminants to bathing waters.
The thesis is made up of six chapters, the contents of which are summarized below:
Chapter 1 was a literature review. Various epidemiological studies were 
discussed and a survey of current global water quality indicators, testing
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schemes, and analytical methods was presented. Sources of contamination 
impacting bathing beaches and methods to identify them were discussed as 
well as the reliability of current testing schemes based solely on microbial 
indicators versus employing a more holistic approach as delineated in the 
Annapolis Protocol. This chapter concluded with a historical perspective on 
bathing water quality monitoring in the Great Lakes and in Racine, WI as well 
as a discussion of what research had been undertaken at the study site prior to 
this project.
• Chapter 2 details the materials and methods used in this study including a 
physical description of the study site and the various field and laboratory- 
based methods employed in this study. The collection of data relating to 
environmental parameters (wind speed and direction, precipitation, wave 
height estimation, visual estimation of algal density, wildlife estimation and 
ambient air and water temperature) is described. Methods are also set forth for 
the collections of surface water, groundwater, and sediment samples.
• Chapter 3 contains the results of the study and is divided into 4 sections:
1. strategies for compliance water quality monitoring
2. identification and quantification of potential sources of microbial 
contamination to bathing waters
3. estimation of annual health risk to bathers as defined by the US EPA 
and the Annapolis Protocol
4. remediation initiatives
• Chapter 4 contains a discussion of the findings of this study both in the context 
of the results as they pertain to this specific study site and to the literature 
review presented in Chapter 1.
• Chapter 5 presents the conclusions drawn as result of this study and 
recommendations for future research.
• Appendix A details applications of the research findings presented as case 
studies.
The following flow-chart diagrammatically represents the research activities in 
chronological order, including those activities which to be completed in 2005:
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1 9 9 7 -2 0 0 0
1. Assessment o f storm drains (1997) -  section 1.8.2.5.1
2. Re-engineering o f English Street storm drain (2000) -  section 1.8.2.5.1
2001
1. Assessment o f bacterial indicators & testing methods -  section 1.8.2.3
2. Assessment o f testing methods for E. coli -  sections 1.8.2.4 & 3.1.2
3. Pilot sediment study (foreshore & submerged) -  section 1.8.2.5.3
4. Pilot grooming study -  section 1.8.2.5.3
5. Initial predictive model for Racine -  section 1.8.2.6
2002
1. Initial investigation into temporal variation -  section 3.1.3.1
2. Continuation o f evaluation o f bacterial indicators -  section 3.1.1
3. Continuation o f foreshore & submerged sediment study -  section 3.2.1.1.1
4. Measuring o f environmental parameters -  section 3.2.1.6
5. Continuation o f grooming study -  Appendix A
2003
1. Validation of grooming study -  Appendix A
2. Composite sample analysis -  section 3.1.4
3. Evaluation o f sediments adjacent to the storm drain -  section 3.2.1.1.1
4. Assessment o f seagull population -  section 3.2.1.1.6
5. Assessment o f bacterial loading at storm drain -  sections 3.2.1.3 & Appendix A
6. Groundwater assessment -  section 3.2.1.4.1
7. Measuring o f environmental parameters -  section 3.2.1.6
8. Sanitary surveys conducted -  sections 3.3.3.2 & Appendix B
2004
Temporal variation continued -  section 3.1.3.2
Lateral distribution o f E. coli in sediments -  sections 3.2.1.1.2 & 3.2.1.1.5 
Vertical distribution oîE . coli in sediments -  section 3.2.1.1.3 
Distribution o f E. coli in backshore sediments -  section 3.2.1.1.4 
Assessment o f seagull population -  section 3.2.1.1.6 
Offshore spatial distribution study -  section 3.2.1.2
Assessment of bacterial loading from English St. storm drain -  section 3.2.1.3
8. Groundwater assessment -  section 3.2.1.4.2
9. Association o f algae to bacterial indicators & BW QF-section 3.2.1.5
10. Measuring o f environmental parameters -  section 3.2.1.6
11. Annlication o f the Annanolis Protocol -  sections 3.3.3 & 4.4
2005
1. Hydrological assessment
2. Distribution o f E. coli according to sediment grain size
3. Evaluation o f seagulls to carry human pathogens
4. Trialling o f real-time PGR
5. Continuation o f surface water, sediment, & algal assessments
6. Measurement o f environmental parameters
7. Development o f a real-time predictive model
8. Microbial Source tracking
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CHAPTER 2 - MATERIALS AND METHODS
2.1 Physical Description of Study Site
The study site is located within the limits of the City of Racine, WI, US on the south­
western shore of Lake Michigan. Racine has two public bathing beaches. North Beach 
and Zoo Beach (Figure 2.1 and Figure 2.2). These public bathing beaches are located 
at the base of a slope (west) comprising a city park (North Beach) and zoological 
gardens (Zoo Beach), and are contained within an embayment, bordered naturally to 
the north by a point of land jutting into Lake Michigan (Wind Point, Figure 2.1) and 
artificially to the south by a jetty (breakwater) containing a fog horn and forming the 
northernmost boundary of Racine Yacht Club marina (Figure 2.2). Both bathing 
beaches are comprised of natural sands of a very fine grain, contain three small 
naturally occurring sand dunes, but are otherwise unvegetated. The principal points 
of sample collection and monitoring (depicted schematically in Materials and 
Methods, section 2.2.6) have been located by GPS (accurate within six m) and are 
listed in Table 2.1. The majority of the research was carried out at North Beach, the 
more frequently used by the public and easily accessible of the beaches.
Figure 2 .1 -  Wind Point, 
located to the north of 
Racine’s public bathing 
beaches (designated by 
arrow).
m i s
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Figure 2.2 - Breakwater 
located to the south of  
Racine’s public bathing 
beaches (designated by 
arrow!.
 -
Table 2.1 -  Locations o f major sampling points within the study area (EOF = English Street storm 
drain).
GPS Locations of Major Monitoring Points- Racine, WI
Site Latitude Longitude Error (± meters)
North Beach (N l) N42°44' 23.5" W 087°46' 43.8" 5.2
North Beach (N2) N42°44’ 27.3" W 087°46' 45.7" 4.9
North Beach (N3) N42°44' 32.7" W087° 46' 47.9" 4.6
North Beach (N4) N42°44'37.2" W 087°46' 49.6" 4.6
Zoo Beach (Zl) N42°44' 48.8" W 087° 46'51.6" 4.0
Zoo Beach (Z2) N42°44'5L2" W087° 46'51.9" 3.7
Zoo Beach (Z3) N42°44’ 52.6" W 087°46' 52.0" 4.0
Mouth of Root River N42° 44' 00.3" W 087°46' 18.4" 4.3
English Street Storm 
Water Outlet (EOF) N42°44'4L2" W087° 46' 54.1" 4.6
Terminal end of 
infiltration/ evaporation 
beds attached to (and 
north o f EOF N42° 44' 48.1" W087° 46' 55.2" 4.3
Racine Lighthouse 
(Wind Point) N42°46'5L9" W087° 45' 26.4" 3.7
Prior to beginning the spatial distribution study, an intensive sanitary survey was 
conducted at both North and Zoo Beaches during the summer of 2003 in order to 
determine impacts on surface water quality (adapted from the WHO recommended 
format and with the assistance of college interns) (Figure 2.3). No historical records 
existed at the City of Racine Health Department to indicate that a sanitary survey had 
been performed in the past (Robert Bagley, Laboratory Director - personal 
communication).
Figure 2.3 - CITY OF RACINE H EALTH  DEPARTM ENT SANITARY SURVEY FO RM
BEACH NAME: ..................................................................................  DATE OF SURVEY: ..............................
LENGTH (m ):....................................... WIDTH (average - m ):...................................................
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RESPONSIBLE AUTHORITY: ......................................................  OWNER: ..........................
COUNTY: ........................................................................  STATE: ............................................
LABORATORY: .................................................................... DISTANCE TO LABORATORY:
DESCRIPTION OF AREA BEHIND BEACH:
ACCESSIBILITY:
Road-major Road-minor Track/Steps Boat No Aceess
BEACH FACILITIES:
Toilets Drinking water Lifeguards Water quality 
signs
Litter bins Showers Bars Hotels
Restaurants Changing areas Children’s play 
area
Diving
platforms
Designated 
bathing areas
Swim safety 
warnings
Car parks Toilets
BEACH MATERIAL -  Ipercentage cover):
Sand Gravel Stone Rock
LITTER SURVEY:
Debris Algae Oil Tar Balls
(% cover) (% cover) (% cover) (number)
ESTIMATE OF BATHER NUMBERS PER DAY: fYr
Average for Main holiday Weekends Out of season
season season
BATHING ZONE: 
Slope: gentle or steep 
USES:
Average water temp (F):....................  Average air temp (F):
Swimming Angling Windsurfing Jetskiing
Boating Surfing Yachting Diving
WATER OUALITY rc.f.u./100 mlsV DATE:
E. coli Enterococci
POTENTIAL INFLUENCES ON WATER QUALITY
Sewage Storm Pipes/ Rivers/ Harbor
outfalls Drains drains streams
ENVIRONMENTAL STATUS OF BEACH AND SURROUNDING AREA:
76
2.2 Field Methods
2.2.1 Assessment o f direct anthropogenic inputs
2.2.1.1 Boaters. In 2003 the occupancy rate of the six Racine marinas was 
determined by telephoning the managers of each establishment and requesting the 
total number of boat slips they had available for hire and the total number of boat 
slips that they had hired out for the season. The managers were also queried as to the 
availability of pumping stations for disposal of wastes from onboard toilets.
2.2.1.2 Bathers. Each day at the time of routine sample collection (1200 -  1300) the 
total number of bathers was recorded at both North and Zoo Beaches by the individual 
collecting the compliance samples. The total number of bathers included both those 
individuals currently in the water and those on the beach itself both inside and outside 
the life-guarded swimming area. On days when routine samples were not collected 
the number of bathers could be determined from records kept by the lifeguards.
2.2.2 Collection o f environmental parameters
2.2.2.1 Wind speed and direction. Wind speed (kmph) and direction (both vector 
and degree) was recorded in the midmoming and/or early afternoon each day of 
sampling from official hourly reports generated from recording equipment at Batten 
Field (Lat: N 4245.6, Long: W 08748.9) (Figure 2.4), the City of Racine municipal 
airport located approximately 3.2 km west of the public bathing beaches. The airport
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web site was accessed once daily to obtain the predominant wind direction and speed. 
This information was recorded on the routine monitoring data sheet as well as on the 
USGS hosted Beach Health web site. In 2004 the decision was made to record wind 
direction as both traditional letter designations (N, S, E, W, or any combination 
thereof) and as degrees (0° - 360°). By recording wind direction as degrees it may be 
easier to do statistical analyses at a later date.
Figure 2.4 -  Detailed map showing proximity of Batten Field (airplane in black circle) and the 
Wastewater treatment plant to the study site at North and Zoo Beaches, Racine, WI (indicated by 
callouts) [Arrow indicates north].
^ |i3 H
^Racine
2.2.2.2 Precipitation. The weather station nearest the study site is located at the City 
of Racine Waste Water Treatment Plant (WWTP) located approximately 1.6 km to
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south of the bathing beaches directly on the shore of Lake Michigan (Figure 2.4). The 
official precipitation, in inches, is obtained hourly firom rain gauges at the WWTP and 
recorded in a log book by WWTP personnel. For the purpose of this study, the 
accumulated precipitation received in the 24-hour period directly preceding (up to and 
including) the time of sample collection was recorded each day of analysis fi*om these 
official weather reports (and converted to cm).
2.2.2.3 Wave height estimation. Wave height was visually estimated as being low 
(calm or 0 - 0.2 m), medium (0.3 -  0.5 m), or high (> 0.5 m) based on the height of 
the wave crest above the surface of the water as determined by the recorder standing 
at the sampling depth of approximately one meter. The five college students 
generally responsible for this task were trained annually as to how the estimation was 
to be made in order to achieve consistent results. Training consisted of taking the 
height of the sampler and dividing it into 0.1 m increments so that they could estimate 
where the waves were breaking as they hit their body. The wave height information 
was recorded on the routine monitoring data sheet (as an incremental numerical 
estimation, 0.1 m) and on the USGS hosted Beach Health web site (using the 
designations low, medium, high).
2.2.2.4 Visual estimation of algal density. Measurement of algal density was 
determined by visual inspection and designated as either a small (occurring 
intermittently along the shoreline or within the near shore waters/sediment), medium 
(covering between 30 - 50% of the shoreline or near shore waters/sediment) or large 
(covering greater than 50% of the shoreline or near shore waters/sediment) amount.
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The presence of algae was further designated as to the location: stranded on the shore, 
floating on the surface of the water or submerged under the water.
2.2.2.5 Wildlife estimation. The number of seagulls physically present on the beach 
was noted daily at the time of sample collection. This count was an actual, not 
estimated, count performed twice daily (approximately at 0900 and 1200). To 
determine the total number of gulls present, each beach was divided into transects (Nl 
-  N4 and Zl - Z3) and the number of roosting birds per transect was counted (to 
determine average gull density per transect) and added together to determine the total 
amount present (number of gulls per beach). The size of the four transects at North 
Beach (Nl -  N4) averaged 173m x 210m. The size of the three transects at Zoo 
Beach (Zl -  Z3) averaged 90m x 202m. Delineation of these transects was 
determined by fixed objects visible fi*om the beach such as signs, benches and street 
lights and corresponded to the surface water monitoring stations given the same 
designations (Nl -  N4 and Zl -  Z3) (Figure 2.12). The median of each transect was 
identified as the point of the fixed object such as a specific sign or bench with left­
most and right-most edges of each transect were then determined to be the distance 
equal to the halfway point to the next fixed object. This task was performed firom a 
distance capable of giving the field personnel an accurate count but sufficiently far 
enough away as to not cause the gulls to be distressed and take flight. Other wildlife 
(Canada geese, terns, sandpipers, dogs and deer) was counted, when present, at each 
beach (North or Zoo) rather than at individual transects as the density was generally 
low.
2.2.2.6 Temperature.
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2.2.2.6.1 Air. Air temperature, in degrees Fahrenheit, was taken at each monitoring 
station under ambient conditions, prior to collecting surface water samples, using a 
stainless steel, non-mercury, dial thermometer capable of measuring temperature in 
one degree increments. The thermometer was calibrated at 0° C against a National 
Bureau of Standards (NBS) thermometer (0° C = 32° F). For each reading, the 
thermometer was allowed to equilibrate for a minimum of 60 seconds after the 
temperature had stabilized (longer if necessary) prior to recording the temperature. 
All temperatures were converted to degrees Centigrade.
2.2.2.6.2 Water. Water temperature, in degrees Fahrenheit, was taken at each 
monitoring station, at a submerged depth of 15 cm (midway point for total sampling 
depth of 0.3 m -  distance firom shore varied according to lake levels), prior to 
collecting surface water samples using a stainless steel, non-mercury, dial 
thermometer calibrated at 0° C against a National Bureau of Standards (NBS) 
thermometer (0° C = 32° F) which was allowed to equilibrate for a minimum of 60 
seconds (longer if  necessary) prior to recording the temperature (The same 
thermometer was used to record the ambient air temperature). All temperatures were 
converted to degrees Centigrade.
2.2.3 Collection o f groundwater.
In 2003 an assessment of groundwater was initiated and continued through 2004. 
During the course of this study modified 15-cm stainless steel driven point 
piezometers (Solinst Canada, Ltd., Georgetown, ON, Canada) were installed at
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various locations using a manual slide hammer and drive head assembly with 
sufficient 90-cm stainless steel extensions and stainless steel couplings to reach the 
water table at the point of installation. Ground water was brought to the surface 
through 0.6-cm tubing using an Urchin surface-mount, manual bilge pump (Munster 
Simms Eng. Ltd., Bangor, Northern Ireland) and was collected in sterile W h irl-P ak ™  
bags (Nasco, Ft. Atkinson, WI) after expelling an amount of groundwater equal to the 
amount of sample to be collected (Figure 2.5, A and B). The volume of groundwater 
collected was optimally 500 ml but on occasion lesser amounts (50 -100  ml) were 
collected due to a lack of precipitation. When small volumes were noted on 
consecutive sampling events, it became necessary to add an additional steel extension 
at the surface (one m in length) to lower the piezometer into the water table (this 
occurred during August of 2004). The bilge pump was rinsed between collections 
with sterile, distilled water to prevent cross-contamination of the samples. Samples 
were transported in a cooler on ice packs to the laboratory within 60 minutes of 
collection and processed immediately for the determination of microbial indicator 
concentration using the methodologies delineated in section 2.3.1.1.2.
Figure 2.5 -  Groundwater was drawn to the surface using a manual bilge pump (A) and collected in 
sterile Whirlpak® bags (supported by a rigid plastic container) (B).
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2.2.4 Collection o f sediment.
All sand samples were collected manually with an AMS stainless steel slotted soil 
recovery probe (Art’s Manufacturing and Supply, American Falls, Idaho, US) with a 
2.8 cm bore and sterilized butyrate liners with end caps (Figure 2.6, A). The sterilized 
butyrate liners were pre-labelled at the laboratory using removable tape, one for each 
sample to be collected, and placed in clean Ziploc bags (S. C. Johnson, A Family 
Company, Racine, WI, US). At the site of collection a liner was removed from the 
Ziploc bag and placed within the soil recovery probe whose interior had been 
previously coated with a light layer of silicone spray to aid in the successful removal 
of the liner. The sample was collected by holding the apparatus parallel to the beach 
sand, firmly pressing the soil recovery probe into the sediment and then removing it in 
the same manner (Figure 2.6, B). After the sediment sample was collected the liner 
was extracted by removing the handle and grasping the exposed exterior edge of the 
liner being careful not to disturb the core or contaminate the sample. Once a 
sufficient portion of the liner had been withdrawn from the probe an end cap was 
placed on the exposed end, the probe up-ended and the liner withdrawn completely 
and capped on the opposite end (Figure 2.6, C). The soil recovery probe was then 
rinsed with sterile distilled water and the procedure repeated once for each sample to 
be collected. The removable T-shaped handle allows for the easy replacement of the 
liners in the field and facilitates the rinsing of the soil recovery probe with sterile 
distilled water between samples to prevent carry over. All samples were obtained 
between 0630 and 1000, returned to the laboratory on ice packs, and analyzed within 
one hour of collection.
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Figure 2.6, A, B and C -  Schematic depicting placement o f the liner (shaded grey) within the barrel 
(A), subsequent removal of the sediment sample from North Beach using the AMS slotted soil 
recovery probe (B), and sealed sand core ready for transport to the laboratory (C)._________________
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Figure 2.6, C -  Sediment 
core contained within a 
labelled, sterile butyrate liner 
with end caps prior to 
transport to the laboratory.
2.2.4.1 Grooming Study (2002). The true depth of mechanical grooming is the actual 
depth that the tines are capable of penetrating the sand as limited by their physical
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length. The actual depth of grooming is not readily measurable in the field due to the 
nature and consistency of the sand and, therefore, in evaluating treatments the 
effective depth was used. For the purpose of this study, the effective depth was 
defined as the depth of the furrow left in the sand as a result of the treatment. The 
mean effective depth was measured daily using a metric ruler (cm) inserted into a 
representative portion of the furrow for each treatment. Consultation with the 
manufacturers of the Surf Rake® and experimentation with the equipment itself 
allowed for adjustments in the machine settings such that the actual depth of 
penetration consistently provided an effective depth mimicking that previously 
demonstrated by deep hand raking (three to four cm). In order to achieve the greater 
depth, the mechanical beach groomer was set to the maximum depth of raking and the 
finisher was omitted.
Twelve samples were taken daily (Monday -  Friday) between 0630 and 0730, 
immediately after the mechanical grooming process had occurred, in the manner 
described at the outset of this section (2.2.4.1) from both the status quo (groomed in a 
manner which had been employed by the municipality the past ten years) 
professionally groomed area (raked shallowly and levelled) and the deeper groomed 
test area (raked deeply and left fiirrowed) for a period of one calendar month in 2002 
(20 sampling days) [n = 240 samples per treatment]. Each sampling area was 
approximately 30 m x 50 m, located within the designated swimming area, and 
abutted one another (Figure 2.7). The average core length for this study was ten cm 
(this particular depth was designated to capture that portion of the sand which could 
be manipulated using the mechanical beach grooming equipment). After transporting 
samples to the laboratory in a cooler on ice packs to maintain sample integrity, each
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sediment core was analyzed as a single sample for E. coli content, expressed as 
bacterial colonies per gram dry weight, as per section 2.3.1.1.2.
Figure 2.7 -  Appearance of groomed area (right) maintained in the manner previously employed 
versus more deeply groomed test area (left) where twelve random core samples were taken for 2002 
study.
12 samples collected 
from status quo 
groomed area.
samples collected 
deeply groomed
2.2.4.2 Lateral Distribution oîE. coli (Backshore versus Foreshore) in North 
Beach Transects N1 -  N4 (2004). Sites were selected to determine the lateral 
distribution of E. coli in sediments based on an equal trisection (east to west) of the 
lifeguarded area of the bathing beach, the area most frequented by patrons. Four days 
per week (Monday -  Thursday), for a period of 14 weeks, core sand samples, 
averaging 12 cm -  20 cm in length, were taken at the berm crest (within one meter of 
the shoreline), midway between the berm crest and the lifeguard stands (~ 30 m from
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the berm crest), and at the lifeguard stands (~50 to 60 m behind berm crest) (Figure 
2.8). After transporting the samples to the laboratory in a cooler on ice packs to 
maintain sample integrity, each sediment core was analyzed as a single sample for E. 
coli content, expressed as bacterial density per gram dry weight, as per section 
2.3.1.1.2.
Additional samples were collected [one dry weather (baseline) and one rainfall event] 
to determine potential effects of impervious surface run-off on these sediments in the 
lifeguarded area and the impact, if any, on surface water quality. Sand core samples 
were collected beginning at the drainage tiles (subsurface concrete pipes of 
approximately 15 cm diameter located beneath the pavements which carry surface 
run-off from the car park to the beach sands), five meters out (east, towards the 
shoreline) and then every ten meters until the berm crest was reached in the vicinity of 
North Beach transects N1 -  N3 (Figure 2.9). Transects N4 was not examined as it is 
not influenced by impervious surface run-off.
Figure 2.8 -  Approximate sampling points for sand core collection (Lateral Distribution Study 2004). 
The vertical distribution ofE. coli was determined from select samples on 7 September 2004.
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Figure 2.9 -  Sampling scheme for determining the effects o f impervious surface run-off on beach 
sand and surface water quality through the collection of backshore and foreshore sands at fixed 
intervals along North Beach.
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2.2.4.3 Vertical Distribution ofE. coli at North Beach (7 September 2004). A
cursory study was conducted to determine the vertical distribution of E. coli in a core 
samples. Multiple core samples, 25 cm in length, were obtained from selected lateral 
distribution study sites and including areas at the lifeguard stands that remained 
continuously hydrated (wet or damp) throughout the duration of the study in the 
manner stated above (Figure 2.8). After transporting to the laboratory in a cooler on 
ice packs to maintain sample integrity, the core samples were weighed (subtracting 
the weight of the empty liner and end caps by taring the top-loading analytical balance 
with an empty liner and end caps), the length was measured in cm, and then they were
partitioned into five cm segments using sterile, wooden tongue depressors to 
segregate each segment and subsequently analyzed for E. coli by MF on to m-Tec 
agar and expressed as baeterial colonies per gram dry weight (section 2.3.1.1.2).
2.2.5 Collection o f Cladophora (algae) samples.
Cladophora, a species of filamentous green algae frequently noted on Lake Michigan, 
samples weighing 2 0 -1 0 0  grams were collected from surface water (floating), 
submerged sediments and/or rocks (submerged), or beach sand (stranded) (Figure 
2.10, A and B). Algal samples were aseptically collected by hand (gloved) and put 
into sterile Whirl-Pak bags (Nasco, Ft. Atkinson, WI, US). Samples were placed in a 
cooler on ice packs and returned to the laboratory within one hour of collection and 
processed for the determination of the bacterial indicators E. coli and enterococci (see 
section 2.3.1.1).
Figure 2.10, A  -  Example of Cladophora mats stranded on the shore of North Beach (2002).
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Figure 2.10, B -  Example o f Cladophora mats in the near shore water adjacent to North Beach (2002). 
[*Erosion at sand/water interface indicates that re-suspension is likely occurring]
f
2.2.6 Collection o f surface water samples
2.2.6.1 Near shore. For the purpose of routine compliance monitoring, fresh water 
samples (~ 500 ml) were collected once daily, five days per week (Monday - Friday), 
from both of Racine's designated bathing beaches (North and Zoo Beaches) at 
previously designated fixed points (Figure 2.12) in sterile Whirl-Pak™ bags (Nasco). 
The sampling points were fixed locations previously designated by the City of Racine 
Health Department and employed annually as monitoring stations for the past 15 
years (historical records. City of Racine Health Department, Division of 
Environmental Health). The duration of the bathing season was from approximately 
20^ May to September commencing approximately one week prior to the start of 
the official swimming season for each year of this study (2002 -  2004). Samples were 
obtained either in the midmoming (0930) or afternoon (1200) depending on the
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sampling regimen (samples collected purely for research purposes or samples 
collected for routine monitoring whose results were used in this study) by carefully 
wading (to disrupt the submerged sediments as little as possible) out to an 
approximate one-meter depth (thigh deep), and taking a 200 - 300 ml sample from 
0.3 m below the surface of the water by reaching out at arms length and plunging the 
sampling bag away from the collector’s body (Figure 2.11, B) or, conversely using a 
two meter reach pole (Figure 2.11, A). Samples were transported in a cooler on ice 
packs to the laboratory and analyzed within one hour of eollection.
Figure 2.11 -  Collection of 
surface water samples was 
achieved through the use of a 
reach pole (A) or collected 
directly (B). [Pictured, summer 
interns Andrew Paul (A) and 
Richard van Swol (B)]
MATERIAL REDACTED AT REQUEST OF UNIVERSITY
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Figure 2.12 -  Schematic representing the four fixed monitoring stations at North Beach (N1 -  N4) and 
the three fixed monitoring stations at Zoo Beach (Z1 -  Z3) as defined by fixed landmarks (courtesy o f  
Chuck Dykstra, Environmental Health Division, Racine Health Department, Racine, WI).
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2.2.6.2 Temporal Variation in E, coli Concentrations at North Beach. The E. coli 
concentration from four equidistant monitoring stations at North Beach (N1 -  N4) 
(section 2.2.6.1, Figure 2.12) was determined in both the early morning (0900) and 
afternoon (1200) samples in the summers of 2002 (13 days) and 2004 (73 days). The 
early morning event consisted of four 500-ml sub-samples of Lake Michigan surface 
water, one from each site, collected in sterile Whirl-Pak® bags (Nasco, Inc., Ft. 
Atkinson, WI, US). Identical afternoon 500-ml sub-samples were collected 
approximately three hours later. The concentration of E. coli was determined in each 
sub-sample or a composite of all sub-samples (section 22.6.1) using IDEXX Colilert- 
18/Quanti-Tray 2000 (section 2.3.1.2).
2.2.6.3 Off Shore Surface Water Samples (2004). In order to determine the 
potential impacts of offshore contamination a series of 80 paired samples (general 
location determined by bathymetric charts and individual sampling points located by 
GPS) were collected on 21®^ July [pre-rainfall and rainfall (two hours after pre­
rainfall)] and 22"^ July (18 hours post-rainfall), 2004. Eighty samples were collected 
each day, 60 by boat (off shore) and 20 by wading out from the shore.
Sampling points were selected in such a manner as to expose those areas most likely 
to contribute bacterial contamination to bathing waters antecedent to a rainfall event. 
Five 500-ml samples were collected by boat beginning at the mouth of the Root River 
and extending to the point at which it enters Lake Michigan through the breakwater (a 
concrete pier-like structure which encloses the river mouth from open water and 
forms the northernmost boundary of one of Racine’s marinas) to test for accumulated 
contributions as a result of riverine input. Ten 500-ml samples were collected by boat
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in deep water (depths between 5.6 -  11.0 m) at the point where the Root River exits 
the breakwater and extending approximately 0.4 km out into the lake with an 
additional five samples being taken along the breakwater as it extends towards the 
beach area in order to determine if  pluming of the river was occurring as a result of 
the precipitation and was directly impacting near shore water quality. Forty 
additional samples, ten samples in each of four north to south bands, were taken by 
boat beginning at the breakwater and extending north past both bathing beaches in 
order to determine to what extent localized sources were extending offshore and 
whether or not non-local sources were of any significance (Figure 2.13). A captain, 
sampling crew and boat were hired firom the University of Wisconsin -  Milwaukee, 
Great Lakes Water Institute to assist in the collection of off shore water samples 
(depth of water = 3 -  11 m) (Figure 2.14). The remaining 20 samples were collected 
by wading out into Lake Michigan fi*om onshore.
This was necessary due to the shallower depth of the water making it impossible for 
the boat to approach the shore due to its two to three meter draw. The 20 samples 
collected by wading out from the shore were segregated into two northerly to 
southerly bands of ten samples each which were parallel to the four bands of samples 
collected by the boat. One band of samples was collected in one meter of water and 
the other in 1.5 m of water (30 m and 60 m fi*om shore respectively). All samples 
(collected either from the boat or by wading out from shore) consisted of a 500 ml 
surface water sample collected 0.3 m below the surface of the water in a single use, 
pre-sterilized Nasco Whirl-Pak bag (Nasco, Ft. Atkinson, WI, US).
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Figure 2.13 -  Location o f samples collected in offshore (1 -10 = deep water, 1 1 - 1 5 =  breakwater, 16 
- 5 5 =  parallel to beaches 5 6 - 6 0  = month o f river, 61 -  80 = near shore) [Single-headed arrow 
indicates north].
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All samples collected as part of the offshore spatial distribution study were 
transported to the laboratory in coolers on ice packs, maintained at 0 - 4° C in a 
holding refrigerator checked daily to ensure consistent temperature, and processed 
within four hours for the determination of E. coli (the current indicator of surface 
water quality employed in Racine, WI) using membrane filtration onto m-TEC agar 
(section 2.3.1.1.1).
Figure 2.14 -University of 
Wisconsin -  Milwaukee, Great 
Lakes WATER Institute 
research vessel, the Osprey 
[Photo courtesy o f the UWM, 
Great Lakes WATER Institute].
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2.2.6.4 Storm water. A single surface water sample of approximately 500 ml total 
volume was collected once weekly from each plunge pool of standing water (base of 
the English Street storm water overflow outlet and the terminal end of the infiltration 
and evaporation beds) (Figure 2.16). Water samples were collected in sterile Whirl- 
Pak™ bags (Nasco, Ft. Atkinson, WI, US) attached to the end of a two meter reach 
pole by electrical clips in order to avoid disturbance of the bottom sediments.
Samples were obtained in the afternoon by using the reach pole or wading out to the 
center of each pool (Figure 2.15, A and B) and taking a 200 - 300 ml sample 
approximately 25 cm below the surface of the water. Samples were transported in a 
cooler on ice packs to the laboratory and were processed within 60 minutes of 
collection for the determination of E. coli and enterococci concentrations (sections
2.3.1.2 & 2.3.2.1). Additional samples were collected in the same manner during 
rain events (in excess of 0.6 cm or in excess of 0.5 hours in duration depending on the 
intent of the study), including the offshore survey (section 2.2.6.3).
Figure 2.15 -  Sampling point (X) within the plunge pools at the base o f the English Street outfall 
(EOF) (A) and terminal end of the infiltration and evaporation beds (lEB) (B).
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Figure 2.16 -  Schematic showing location of the English Street storm drain bypass outfall and nine 
infiltration/evaporation basins in relation to Lake Michigan. All sampling points (surface water, 
groundwater, and sediment) are labelled. [A and B represent sampling points for ground water 
collection in 2003, Sites 1 - 1 2  (both near outfall discharge point and discharge point of basin nine) are 
sites where sediment samples were collected 2003.
RE-ENGINEERED ENGLISH STREET STORM SEWER OUTFALL WITH INFILTRATION & EVAPORATION BEDS
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2.2.6.S Root River. The Root River originates west of the City of Racine and 
empties into Lake Michigan approximately one mile south of the main public bathing 
beach (Figures 2.17, A and B). The Root-Pike River watershed remains 60% 
agricultural in spite of continuing urban sprawl. Seven points, both within the river 
proper and in the vicinity of storm water outlets, were monitored weekly along the 
river during the swimming season to determine potential riverine impacts on surface 
water quality at the bathing beaches (Table 2.2). A single surface water sample was 
collected once weekly from each river site (R1 -  R7).
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Water samples were collected in sterile Whirl-Pak"^^ bags (Nasco, Ft. Atkinson, WI). 
Samples were obtained in the afternoon by using a two meter reach pole to which the 
bag was attached by means of electrical clips or by lowering a sampling bag on a 
tether and taking a 200 - 300 ml sample approximately 25 cm below the surface of the 
water. Samples were collected from the liverbank with the exception of the R l, R3 
and R6 (bridges) which were collected midstream. Samples were transported in a 
cooler on ice packs to the laboratory and processed within 60 minutes of collection for 
the determination of E. coli concentration (see section 2.3.1.2). [NOTE: Since the 
USEPA BEACH Act mandates compliance monitoring using E. coli, all river samples 
were tested solely for E. coli so that accurate comparisons regarding potential inputs 
from this source could be made against other sources identified in this study].
Table 2.2 -  Root River sampling points by designation and name including coordinates in latitude and 
longitude (OF = storm drain outfalFoutlet).
Root River Sampling Sites
Designation Site Name Sampling
Point
GPS Coordinates
Rl Johnson Park Bridge N42° 46.468' 
W87° 51.251'
R2 Horlick Dam Base of dam N42° 45.132' 
W87° 49.438'
R3 Cedar Bend Bridge N42° 43.349' 
W87°48.413'
R4 Washington Park OF Storm drain N42° 43.358' 
W87° 48.440'
R5 Water Street OF Storm drain N42° 43.896' 
W87° 47.168'
R6 State Street Bridge Bridge N42° 43.755' 
W87° 47.435'
R7 Chartroom Pier N42° 44.039'
W87° 46.957'
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Figure 2.17, A -  Aerial photograph o f the Root River showing proximity o f month of river to North 
Beach (approximately 1.6 km) [Arrow indicates north].
MATERIAL REDACTED AT REQUEST OF UNIVERSITY
Figure 2.17, B -  Map of Racine County showing location o f the Root River sampling points to each 
other and to the bathing beaches (Delorme Street Atlas USA, v 9.0, © 2001) [Arrow indicates north].
MATERIAL REDACTED AT REQUEST OF UNIVERSITY
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2.2.6.T Composite sampling. For a period of 68 days during the summer of 2003, 
water samples were collected from two Racine beaches (North Beach, sites N 1-N 4  
and Zoo Beach, sites Z1 - Z3) and analyzed for the presence of E. coli using both 
traditional single-sample point testing with arithmetic averaging of results and 
composite sampling (IDEXX Colilert-18®/Quanti-Tray 2000, MPN format) (section 
2.3.1.2) [n = 136 sample sets, four/set at North Beach and three/set at Zoo Beach].
2.3 Laboratory-based Methods
2.3.1 Isolation ofE. coli
2.3.1.1 Membrane Filtration/m-TEC agar
2.3.1.1.1 Surface water (near shores offshore, storm water, and river) and 
groundwater. A 100 ml, undiluted aliquot, or a 1:10 dilution (10 ml of sample + 90 
ml of sterile distilled water) of freshwater samples was filtered through 0.45jum pore 
size, mixed cellulose ester, 47 mm diameter, white membrane filters with grids 
(Millipore). The decision to dilute was based on historical water quality data which 
indicated a necessity for dilution to achieve a countable result within the confines of 
this method. The filters were transferred onto m-Tec agar (Difco/BBL) prepared 
according to manufacturer’s specifications (USEPA 2000). Quality control 
(qualitative) was run daily to validate test performance (ability to exhibit 
characteristic color reaction after addition of urea reagent) and included both positive 
(yellow colonies) {E. coli ATCC 25922) and negative (purple colonies)
100
{Pseudomonas aeruginosa ATCC 27853) controls. After a 2-hour incubation at 35 °C 
± 0.5 °C, for the recovery of stressed organisms, and additional 22-hour incubation at
44.5 °C ± 0.5 °C, the membrane filters were removed to pads saturated with urea 
substrate. Colonies demonstrating positive urease activity (yellow-colored colonies) 
after 15 minutes incubation at room temperature were counted under lOx 
magnification with the aid of a colony counter (Quebec™) (Figures 2.18 A, B, and 
C). Previous studies demonstrated 100 per cent confirmation of presumptive E. coli 
colonies with this method when verified using EC broth with MUG (Each, Loveland, 
Colorado, US) (City of Racine Health Department records, data not shown). All 
results presented in this study represent a calculated result (number of colonies 
multiplied by the reciprocal of the dilution factor) and indicate the dilution factor 
when employed. When no bacterial colonies were detected the count was expressed 
as a function of the reciprocal of the dilution factor, i.e. less than ten.
Figure 2.18 -  Enumerating E. coli on m-TEC agar (A = addition of urea reagent, B = counting the 
colonies with the aid of a lOx-magnification colony counter, C = yellow appearance of typical E. coli 
colonies after the addition of urea reagent).
2.3.1.1.2 Sediment. At the laboratory, core samples were weighed, the average core 
length was determined (Figure 2.19, A), and the entire contents of each butyrate liner 
were emptied into sterile, 237 ml, individually wrapped polypropylene vessels with 
lids (Fisher Scientific) by removing one end cap, upending the liner, removing the
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other end cap and gently shaking the liner to dislodge the core. The liner which had 
contained the sand core and its end caps were rinsed internally with the contents of a 
pre-filled, sterile, 99 ml, diluent vial containing phosphate buffer [MgCli (pH = 7.2 ± 
0.2)] (purchased prepared from Hardy Diagnostics, California, US) in order to remove 
any sand particles adhering to the liner. The core was dispersed in the buffer and the 
sterile vessel capped. The core samples were further eluted for 30 seconds by 
vigorous hand shaking in the phosphate buffer mixture to dislodge the micro­
organisms from the sand grains. They were then serially diluted after one minute 
without disturbance (Figure 2.19, B) (Kinzelman et al 2003b). Concentration of E. 
coli in each sample was determined by the membrane filtration technique using m- 
TEC agar (Clesceri et al, 1998) (Figure 2.19, C). E. coli colonies were confirmed by 
the substrate test (negative urease activity) as described in Standard Methods fo r  the 
Examination o f Water and Wastewater (Clesceri et al, 1998). Briefly, after 
incubating the m-TEC agar plates for 24 ± 2 hours at 44.5 ± 0.5 ®C in a water bath 
(sealed in a plastic bag submerged to ensure constant temperature), the plates were 
removed and the gridded membrane filter transferred with sterilized forceps to a filter 
pad saturated with urea reagent (2.0 g urea +10 mg phenol red dissolved in 100 ml 
distilled water). The filters were then allowed to incubate resting on the urea-soaked 
pad for 15 minutes at room temperature prior to quantifying the yellow-colored 
colonies with the aid of a 1 Ox colony counter (Quebec). Daily quality control 
(qualitative) was performed using a positive control {E. coli ATC #25922) and 
sterility was ensured at all steps by including pre- and post-analyzation plates (agar + 
sterile filer + sterile distilled water) and a sterility control (uninoculated agar plate).
E. coli densities in the sand samples were calculated and expressed per gram dry 
weight of sample (based on a previously calculated wet/dry conversion factor that was
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determined annually). Briefly, 25 sediment cores were collected, weighed and dried 
to complete dryness in a 32 °C ± 2.0 °C drying oven, and then reweighed. The 
summation of the difference in weights divided by the total number of samples 
collected (n) determined the factor used to calculate dry weight (Table 2.3).
Figure 2.19 - Determining the core length and weight (A), eluting with phosphate buffer (B) and 
processing by membrane filtration i
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Table 2.3 -  Determination o f sand wet/dry conversion factor (2004). This value varied no more than 
two per cent during the course o f the study (D = dry, W = wet) [2002 = 0.833, 2003 = 0.801, 2004 - 
0.817]
Sample
Number
Site Source Wet Wgt. (g) * Dry Wgt.
(g)**
RATIO
(DAV)
1 N2 SAND 143.1 117.0 0.818
2 N2 SAND 131.9 106.9 0.810
3 N1 SAND 132.3 108.6 0.821
4 N1 SAND 147.6 121.2 0.821
5 N1 SAND 160.7 131.4 0.818
6 N3 SAND 131.0 107.6 0.821
7 N1 SAND 151.8 123.3 0.812
8 N2 SAND 157.4 128.8 0.818
9 N3 SAND 161.8 132.3 0.818
10 N4 SAND 123.1 100.9 0.820
11 N1 SAND 137.1 111.9 0.816
12 N2 SAND 107.7 88.2 0.819
13 N4 SAND 145.0 119.0 0.821
14 N2 SAND 128.4 103.7 0.808
15 N1 SAND 141.8 116.3 0.820
16 N3 SAND 137.2 112.0 0.816
17 N2 SAND 119.8 97.6 0.815
18 N4 SAND 131.0 106.9 0.816
19 N3 SAND 140.6 114.6 0.815
20 N1 SAND 129.7 106.5 0.821
21 N2 SAND 163.0 133.0 0.816
22 N2 SAND 144.1 117.6 0.816
23 N2 SAND 146.0 119.3 0.817
24 N4 SAND 153.1 126.0. 0.823
25 N1 SAND 146.9 120.6 0.821
CALCULATIONS FOR WET/DRY CONVERSION FACTOR:
yTDRYAVETl = CONVERSION FACTOR for determining the E. coli count/g in dry sand, 
n
E. coli per gram (wet sand) x CONVERSION FACTOR = E. coli per gram (dry weight)
•  The representative weight o f a butyrate liner and two caps is 29.2 grams. This amount was 
subtracted from the total weight o f the wet sand samples by tarring the balance prior to weighing 
them. (*)
• The representative weight o f a weighing boat is 6.0 grams. This amount was subtracted from the 
total weight o f the dry sand samples by tarring the balance prior to weighing them. (**)
CONVERSION FACTOR = 0.817
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2.3.1.1.3 Cladophora spp (Algae). E. coli was determined by membrane filtration 
using thermotolerant-Æ coli medium (m-TEC agar) (Clesceri et al 1998). For algae, 
an initial sample elution was necessary to release the bound bacterial cells from the 
plant material as per Whitman, et al (2003b). Briefly, one gram representative 
portions of algal samples were weighed and placed in sterile 15-ml conical centrifuge 
tubes, to which nine ml of sterile phosphate-buffered water (PBW) (pH 6.8) was 
added (prepared, one sachet makes one liter of PBW, HACH, Loveland, CO, US) 
(Figure 2.20). The alga-PBW mixture was vigorously shaken for two minutes and 
centrifuged briefly (45 s) at 2,000 rpm (653 x g) to allow the large particles to settle. 
The supernatant was then processed at either 1:10 or 1:100 dilution using sterile 
distilled water on to sterile, 0.45 pm, 47 mm diameter, mixed cellulose ester filters 
(Millipore) and m-TEC agar as described in Byappanahalli et al 2003b.
Figure 2.20 -  One gram o f algae was weighed on a top-loading balance before suspension in 
phosphate-buffered diluent water (pH 6.8)
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2.3.1.2 IDEXX Colilert-18/Quanti-Tray 2000.
E. coli was enumerated in surface water samples using IDEXX Colilert -18®, a 
selective cultural identification method utilizing bacterial enzymatic activity and 
differential substrates, for the detection of E. coli according to previously established 
laboratory protocols. Surface water samples were processed either undiluted (100 ml) 
or diluted, either 1:10 (10 ml of sample + 90 ml sterile distilled water) or 1:100 (1.0 
ml sample + 99 ml of sterile distilled water) based on visual inspection of the sample 
(using sample cloudiness as an estimation of gross turbidity). The sample to be tested 
was then mixed with reagent and placed in a Quanti-Tray/2000 according to 
manufacturer’s instructions (Colilert-18® product insert, IDEXX Laboratories, 
Westbrook, ME, US). Quanti-Trays were sealed using an IDEXX Quanti-Tray® 
sealer and placed in a 35 °C ± 0.5 ° C incubator for 18 hours. A quality control 
organism [E. coli ATCC #25922 maintained at -  70 ° C and sub-cultured monthly to 
nutrient agar slants (Remel Inc., Lenexa, KS, US)] was run once daily to validate 
(qualitative) test performance, i.e. a positive test reaction.
Following incubation, Quanti-Tray wells were read for yellow color indicating o- 
nitrophenyl B-D-galactopyranoside (ONPG) hydrolysis and fluorescence, indicating 
4-methyl-umbelliferyl B-D-glucuronide (MUG) cleavage, with the aid of a UV light 
box (366 nm) (Figure 2.21, A and B). Wells producing fluorescence in the absence of 
yellow color were determined to be false readings {E. coli would be classified as a 
total coliform and therefore should be detected by this method as such, according to 
the manufacturer). The number of wells producing fluorescence was compared to the 
MPN table provided by the manufacturer to enumerate E. coli as MPN/100 ml.
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Figure 2 .21 - A close up of blue-fluorescing wells in a Quanti-Tray 2000 (A) after sealing in the 
Quanti-Tray sealer (B) and incubating for 18 hours at 35° C.
2.3.1.3 Verification oiE. coli colonies from IDEXX Colilert-18® or m-TEC.
Verification of E. coli was performed by cleaning the back of a Quanti-Tray well with 
a 70 per cent alcohol pad and withdrawing its contents with a sterile syringe and 
needle. Several drops of the withdrawn material were plated to MacConkey agar 
(Remel Inc., Lenexa, Kansas, US) and EC broth with MUG (Each, Loveland, 
Colorado, US). Following 24 hours of incubation at 35 °C the MacConkey plates 
were examined for lactose utilization (purple colonies). After 24 hours of incubation 
at 44.5 °C in a water bath the EC broth with MUG was examined for gas production 
and MUG activity (fluorescence under UV light). Further verification, when 
necessary, of E. coli isolates from either m-TEC agar or IDEXX wells was conducted 
using a rapid biochemical identification panel (RapID OnE, Remel Inc., Lenexa, 
Kansas, US).
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2.3.1.4 Composite sampling. Fresh water samples were collected once daily, five 
days per week (Monday - Friday), for a period of four months (n = 68 sampling days) 
firom both of Racine's designated swimming beaches (North and Zoo Beaches) at 
previously designated fixed points (four monitoring stations at North Beach and three 
monitoring stations at Zoo Beach) (seen previously in Figure 2.12) in sterile Whirl- 
Pak™ bags (Nasco, Ft. Atkinson, WI, US). Historically, it is necessary to process 
surface water samples at a 1:10 dilution (10 ml of surface water + 90 ml of sterile 
distilled water) in order to obtain numerical values which fall within the upper limit of 
the level of detection for the method employed.
In order to remain within the level of detection for this method, all samples for 
composite analysis were also run at a 1:10 dilution. For North Beach, which has four 
monitoring stations, and Zoo Beach which has three, this meant using equal portions 
of sample fi*om each monitoring station to achieve a total volume of ten ml fi*om 
which the final dilution was to be made. Therefore, fi*om each of these well-mixed 
samples, aliquots [2.5 ml each for N1 -  N4 and 3.3 ml(x2)/3.4 ml (xl) for Z1 -  Z3] 
were combined to form a composite sample. The Zoo Beach aliquot (Zl, Z2 or Z3) 
was randomized as to which would receive the 3.3 or 3.4 ml volume in order to 
reduce sampling bias. For the combined analyses (individual and composite) a single 
well-mixed portion of surface water (2.5 ml or 3.3/3.4 ml) fi*om each location was 
removed firom the original sampling container (within 30 seconds of vigorous 
agitation) with a sterile, serological pipette and divided between vessels designated 
either for individual analysis or composite testing (Figure 2.22). The volume of the 
pipette was sufficient so that a single aliquot contained enough sample for both the 
single and composite analyses (Figure 2.23, A). The final dilution of original sample
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remained constant throughout the experiment; i.e. a 1:10 dilution was employed in the 
single sample analysis as well as in the composite analysis, as deseribed previously. 
The concentration of E. coli was determined in both the composite and individual 
samples using IDEXX Colilert-18® and the Quanti-Tray®/2000 MPN format (Figure 
2.23, B) as described in section 2.3.1.2.
The arithmetic average of the MPN values from the single-sample point analyses was 
compared to the MPN value of the composite sample. Quality control (qualitative) 
was run daily to validate test performance and included both positive {E. coli ATCC 
25922) and negative (Pseudomonas aeruginosa ATCC 27853) controls. [State-wide 
(Wl) compliance under the USEPA BEACH Act o f2000 requires the use of E. coli as 
the indicator organism for microbial assessment of bathing waters, and, therefore, 
composite sample analysis for the purpose of this study was confined solely to the 
determination of E. coli in compliance samples.]
Figure 2.22 -  Sterile vessels from North Beach labelled for the composite sample (2.5 ml o f sample 
from each site, N 1 - N4, combined to equal a total volume of 10 ml) and single sites (10 ml each, N1 - 
N4).
A/1 Ul  A/3
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Figure 2 .2 3 - After pipetting the samples (A) and diluting to volume with sterile distilled water (100 ml 
mark designated by arrow) a sachet o f IDEXX Colilert-18® reagent was added (B).
2.3.2 Isolation of Enterococci
2.3.2.1 Membrane Filtration/mEI agar
2.3.2.1.1 Storm water. Undiluted (100 ml) or a 1:10 dilution (10 ml sample + 90 ml 
sterilized distilled water) of fresh water samples collected from the pool of standing 
water at the base of the English Street storm water overflow outlet or terminal end of 
the infiltration and evaporation beds were filtered through pre-sterilized, 47 mm 
diameter, 0.45/i pore-size, mixed cellulose ester, white, gridded membrane filters 
(Millipore) onto mEl agar (Difco) prepared according to manufacturer specifieations 
in compliance with USEPA method 1600 (USEPA 2000c).
The addition of indoxyl-/3-D-glucoside, nalidixic acid, 0.1 N NaOH, and 
triphenyltetrazolium chloride to mE agar allows for a single 24-hour incubation
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period at 41 ± 0.5 ®C rather than the 48-hour period previously required. Quality 
control (qualitative) was run daily to validate test performance and included both 
positive {E.faecalis ATCC 33012, E.faecium ATCC 35667) and negative {E. coli 
ATC 25922, S. mar ces ans ATC 43862) controls.
Colonies producing a blue halo were counted under lOx-magnification with the aid of 
a Quebec™ colony counter (Figure 2.24). Verification of presumptive colonies was 
performed using brain heart infusion (BHI) broth (growth at 24 hours) (Remel, Inc., 
Lenexa, Kansas, US) and bile esculin agar (BEA) (black colonies at 24 hours)
(Remel, Inc., Lenexa, Kansas, US).
2.3.2.1.2 Cladophora spp (Algae). For algae, an initial sample elution was necessary 
to release the bound bacterial cells from the plant material as per Whitman et al 
(2003b). This procedure was identical to the method described for the determination 
of E. coli from algae (section 2.3.1.1.3). After eluting, a 1:10 dilution (10 ml sample 
eluate + 90 ml sterilized distilled water) or 1:100 dilution (1.0 ml of sample eluate +
99 ml of sterilized distilled water) of algal eluate was filtered through pre-sterilized, 
0.45 pm pore size, 47 mm diameter, mixed cellulose ester membrane filters 
(Millipore) onto mEI agar (Difco) prepared according to manufacturer’s instructions 
and according to USEPA method 1600 specifications (USEPA 2000) and as described 
in Byappanahalli et al (2003). Quality control (qualitative) was run daily to validate 
test performance and included both positive (E.faecalis ATCC 33012, E.faecium  
ATCC 35667) and negative (E. coli ATCC 25922, S. marcesans ATCC 43862) 
controls. Colonies producing a blue halo were counted under 1 Ox-magnification with
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the aid of a Quebec™ colony counter (Figure 2.24, same as for surface water) and 
verified as in section 2.3.2.3.
Figure 2 .24 - Characteristic 
blue-haloed colonies of 
enterococci as they appear on 
mEI agar.
2.3.2.2 IDEXX Enterolert®/Quanti-Tray 2000. Undiluted freshwater samples, or a 
1:10 dilution made with sterile deionized water, were each mixed with a reagent 
sachet and placed in a Quanti-Tray/2000 according to manufacturer’s instructions 
(Enterolert® product insert, IDEXX Laboratories, Westbrook, ME, US). Quanti- 
Trays were sealed using an IDEXX Quanti-Tray® sealer and placed in an incubator at 
41 ± 0.5 °C for 24 hours. Quality control (qualitative) was run daily to validate test 
performance and included both positive (E.faecalis ATCC 33012, E.faecium  ATCC 
35667) and negative (E. coli ATCC 25922, S. marcesans ATCC 43862) controls.
The number of wells producing fluorescence under UV light of 366 nm was compared 
to the MPN table provided by the manufacturer to enumerate enterococci as MPN/100 
ml (the fluorescent color reaction in the wells appears the same as E. coli when using
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Colilert-18®, see section 2.3.1.2, Figure 2.21). It should be noted that the decision to 
dilute samples was determined by the previous day's bacterial level and that a tenfold 
dilution was not routinely performed with Enterolert® as is IDEXX’s 
recommendation for marine waters. There is no manufacturer's recommendation 
regarding dilutions for analyzing fresh water and the use of a dilution would have 
often resulted in values below the detection limit of this test system.
2.3.2.3 Verification of enterococci from Enterolert®. Verification of enterococci 
was performed by subculturing to traditional microbiological media for the isolation 
of gram-positive organisms and rapid biochemical tests. The back of a Quanti-Tray 
well was disinfected with a 70 per cent alcohol pad and the contents withdrawn with a 
sterile syringe and needle. Several drops of the withdrawn material were used to 
inoculate brain heart infusion broth (BHI) (Figure 2.25, B) (Difco/BBL).
Figure 2.25 -  Enterococcal colonies appear black on BEA agar (A) (© Réseau STI-Biotechnologies, 
2005) after sub-culturing from BHI broth (B) [Arrow indicates tube with growth].
MATERIAL REDACTED AT REQUEST OF UNIVERSITY
After 24 hours incubation at 35 °C BHI tubes exhibiting growth (Figure 2.25, B) were 
sub cultured to bile esculin agar (BEA) (Difco/BBL) for an additional 24 hours and
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examined for characteristic black colonies (Figure 2.25, A). Selected colonies from 
the 24-hour old BEA agar were transferred to identification panels (RapID SSU, 
Remel, Inc., Lenexa, KS, US) to verify the isolate at the genus and/or species level.
2.3.3 Isolation o f Clostridium species from groundwater and sediment.
Clostridium spp. were isolated from groundwater and sediment samples (after elution 
as described in section 2.3.1.1) using membrane filtration. Sample aliquots (100 ml) 
were filtered through pre-sterilized, 47 mm diameter, 0.45 pm pore size, mixed 
cellulose ester, white, gridded, membrane filters (Millipore) and placed on to 
Perfnngens Agar (OPSP) (Oxoid, Ltd., UK) containing perfiingens (OPSP) selective 
supplement A (Sodium sulphadiazine) and perfiingens (OPSP) selective supplement 
B (Oleandomycin phosphate and polymyxin B), incubated at 35°C for 18-24 hours 
with an Anaerogen AN0025 pack (Oxoid, Ltd., UK). Clostridium perfringens 
ATCC® 13124 was used as a positive control (to exhibit characteristic growth of 
black colored colonies).
Clostridium perfringens, appearing as black colonies within the depth of the agar 
(Figure 2.26), were enumerated and reported as cfii per 100 ml of sample. Occasional 
strains o f Enterococcus faecalis which may grow on Perfiingens Agar (OPSP) as 
small colorless colonies were easily distinguished from Clostridium perfringens. 
Sulphite reducing bacteria other than Clostridium perfringens such as Salmonella 
species, Proteus species and Citrobacter freundii, as well as staphylococci and 
Bacillus species, were inhibited on OPSP Agar [online, http://www.oxoid.com. last
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accessed November 13, 2004, Oxoid Limited, All rights reserved]. Colonies 
demonstrating characteristic black colonies were verified using litmus milk media 
(Remel, Lenexa, KS, US) (Figure 2.27, A and B).
Figure 2.26- Characteristic black colonies o f Clostridium spp. as they appear on primary isolation 
media [online, http://service.merck.de/microbiology, last accessed November 13, 2004].
Figure 2.27 - Verification of Clostridium spp using litmus milk media [Representation of a tube that 
produced a curd and reduced litmus (A). Representation o f an uninnoculated control (B). [Online, 
Western Michigan University, Biology 312, November 13, 2004]
B.
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2.3.4 Tabulated Summary o f Isolation Methods
A summary of the laboratory-based methods employed in the course of this study for 
the determination of bacterial indicator organisms can be seen in (Table 2.4).
Table 2.4 - Summarization o f laboratory methods utilized for the determination o f bacterial indicators.
Sample
Source
Organism
E. coli Enterococci Clostridium
Surface W ater m-TEC agar Colilert-18 mEI agar Enterolert Perfringens agar
Near Shore X X X X
Offshore X X
Storm Water X X
River X
Groundwater X X
Composite X
Sediment X X
Algae X X
2.4 Chemical Analyses
2.4.1 pH
The pH of storm water samples collected from the English Street storm drain bypass 
site plunge pool was tested once weekly for a period of 14 weeks during the summer 
of 2004. The pH reading was determined using a Coming Model 430 pH meter 
(Coming, New York, US) and three purchased, certified pH buffers (Fisherbrand®, 
Fisher Scientific, pH 4.0 ± 0.01, pH 7.0 ± 0.01 and pH 10.0 ± 0.01). A standard curve 
was generated electronically each day of sample analysis by reading the pH 4.0 and 
pH 7.0 buffers. The value of these two buffers determined a calibration curve 
(acceptable range of slope = 95 -  100%) which was then verified by reading the pH
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10.0 buffer (acceptable range is pH 10.0 ± 5%). Well mixed aliquots of storm water 
were placed in a sample cup under the pH electrode while allowed to gently mix using 
a stir bar. The meter automatically determined the pH of the storm water samples 
after the reading had equilibrated, generally within two to three minutes of initiating 
the analysis and calculated the pH value based on the stored calibration curve. This 
value was recorded in a database according to the date and location of the sample 
collection.
2.4.2 Turbidity
The turbidity of storm water samples collected from the English Street storm drain 
bypass site plunge pool was tested once weekly for a period of 14 weeks during the 
summer of 2004 (same day of week regardless of flow). All readings were recorded 
in Nephelometric Turbidity Units (NTU) using a HE Instruments Turbidometer, 
model DRT lOOB (Alton, Hampshire, UK), calibrated against primary (0.2, 0.80, 8.0, 
and 80.0 NTU, GFS Chemicals, Columbus, Ohio, US) and secondary standards (0.2, 
0.80, 8.0, and 80.0 NTU ± 10%, GFS Chemicals, Columbus, Ohio, US). A well, but 
gently-mixed aliquot of storm water was added to a clean, scratch-fi*ee cuvette and 
placed into the previously calibrated turbidometer, allowed to equilibrate and the 
digital reading recorded in a spreadsheet as turbidity expressed in NTU.
2.5 Statistical Methods
Statistical analysis of data was performed using one of the following statistical 
software programs: Texasoft WINKS 4.6 Professional (ANOVA, students t-test.
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Tukey’s, Mann-Whitney, Newman-Keuls multiple comparisons using standard 
parametric and non-parametric tests, box and whiskers graphs), SPSS 11.5 for 
Windows (multiple comparisons analysis) and Microsoft Windows XP (Excel, 
Analysis Tool-Pak) (regression and correlation, scatter plots, pie charts), (see Results, 
Chapter 3, for details regarding specific analyses).
The following fi*equently used symbols are defined as:
• r = Pearson’s product moment coefficient, or correlation coefficient, is a 
quantitative measure of correlation between two variables.
• = coefficient of determination, a measure of the variability between paired 
data, i.e. how much variability in “x” is explained by "y”.
• p  = probability value (p-value), in a statistical hypothesis test it is the 
probability of getting a value of the test statistic as extreme as or more extreme 
than that observed by chance alone. Small p-values suggest that the null 
hypothesis is unlikely to be true. The smaller it is the more convincing is the 
rejection of the null hypothesis. It indicates the strength of evidence for say, 
rejecting the null hypothesis Ho, rather than simply concluding 'reject Ho' or 
'do not reject Ho'.
• x ~  mean, or the arithmetic average of a series of numbers
• Median = the middle measure, or number, in an ordered distribution
Prior to beginning this study it was determined that a R  ^of ^ .8 5  as determined by 
linear regression analysis was necessary to prove adequate method correlation when 
making regulatory decisions such as switching fi*om one test media to another (the 
closer the R^ value is to 1.0, the greater the strength of the relationship). This 
decision was based on standard QA/QC practices currently employed at the Racine 
Health Department Laboratory.
Unless otherwise indicated, significance was determined at the 95% interval or O' =
0.05 for all statistical analysis. A j>-value of < 0.05 was considered significant.
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In all instances, when using the graphic representation of the Newman-Keuls multiple 
comparisons test and Tukey’s multiple comparisons test, at the 0.05 significance 
level, the means of any two or more groups underscored by the same line were not 
considered significantly different.
Calculation of the USEPA risk factor was accomplished through the use of a 
Microsoft Excel spreadsheet. Raw data was entered into one column and the five-day 
geometric mean (GM) calculated as a function of the raw data. The determination of 
the USEPA risk factor requires the following formula to be pasted into the cell for 
which the determination is sought:
= LOG (location of cell containing most recent 5-day GM)*9.4-11.74
This formula may then be transferred to all subsequent cells in that column so that a 
running assessment of risk may be made. Any USEPA risk factor equal to or 
exceeding eight represents a risk of eight bathers per 1000 contracting a bathing 
associated illness, the cut-off at the 95% confidence limit for full body immersion 
based on epidemiological studies (see Results, Chapter 3, for a full explanation).
The daily geometric mean (DGM) was calculated by multiplying the single sample E. 
coli concentrations derived fi*om individual sample analysis (NlxN2xN3xN4 or 
ZlxZ2xZ3) and taking the fourth (North Beach) or third (Zoo Beach) root.
[NOTE: In figures and tables the US convention of assigning dates has been used, i.e. 
month-date-year]
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CHAPTER 3 - RESULTS
3.1 Strategies for Compliance Monitoring
Under current USEPA compliance monitoring guidelines either enterococci or E. coli 
may be used as indicators of fresh water bathing water quality (section 1.4.1). The 
City of Racine has been using an E. coli standard since 1999. This standard has 
subsequently been adopted by the WI DNR for state wide compliance monitoring 
programs under the USEPA BEACH Act o f2000. Since either enterococci or E. coli 
are acceptable organisms for microbial assessment according to published guidelines, 
it was the purpose of this study to evaluate which of these two indicators would 
provide the most accurate and timely assessment of water quality.
3.1.1 Choosing either E. coli or enterococci as the primary indicator for  
microbial assessment
During the summer of 2002, 266 surface water samples were split tested for the 
quantification of E. coli and enterococci using DST. The choice for using DST rather 
than membrane filtration on to plated agar for the identification and quantification of 
E. coli was based on data presented in section 1.8.2.4. Since E. coli was employed by 
the testing authority for determining bathing water quality from compliance samples 
and DST was the accepted method for this determination, the decision was made to 
analyze enterococci using a similar test method for consistency. The hypothesis to be 
tested was whether or not E. coli and enterococci, when used as indicators for
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microbial assessment, would result in similar numbers of water quality failures within 
a given bathing season.
When single sampling events were evaluated, the correlation between the two 
indicators with respect to assigning equal numbers of BWQF based on their respective 
USEPA single sample limits (R  ^= 0.56) was below the laboratory’s previously 
established cut-off (R  ^= 0.85) (Figure 3.1). A low coefficient of determination 
indicates a fair amount of variability between paired data points. Even though there 
are different single sample regulatory limits with respect to enterococci (65 MPN/100 
ml) and E. coli (235 MPN/100 ml), it could be expected that a rise in the 
concentration of one indicator would result in a proportionate rise in the other (~ 3.85 
E. coli: 1 enterococci).
Figure 3.1 -  Comparison o f E. coli and enterococci as indicators of freshwater bathing water quality 
using log-converted data (2002).
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Both indicators would have had the same compliance monitoring outcome 
approximately 81 per cent of the time (BWQF upper right quadrant and good water 
quality lower left quadrant), falling short of the method correlation cut-off of 85 per 
cent, previously established in the testing laboratory QA/QC protocols (Figure 3.2). 
This would indicate a rejection of the null hypothesis in favor of the alternative 
hypothesis, namely that these indicators may not be used interchangeably with respect 
to triggering incidences of BWQF.
Figure 3.2 -  Plot of paired data demonstrating the correlation between the number o f bathing water 
quality failures triggered by enterococci, E. coli, or both based on 2002 data (Horizontal and vertical 
lines denote single-sample regulatory limit for each indicator organism).
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The unknown variable in this comparative study was whether or not the lack of 
correlation was due to a true disparity in non-compliance as indicated by elevations in 
either organism or whether or not these results were artificially induced due to method 
bias. Figure 3.2 shows the plot of the original data. Figure 3.3 shows the same plot
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after adjusting the enterococci data to account for the generally higher count obtained 
when using Enterolert®.
Figure 3.3 -  Plot o f paired data, adjusted for potential method bias by removing high end ent., 
demonstrating the correlation between the numbers of bathing water quality failures triggered by 
enterococci, E. coli, or both based on 2002 data. [Lines on axes at 2.35 and 1.79 indicate USEPA 
single-sample regulatory limits of 65 MPN/100 ml (enterococci) and 235 MPN/100 ml {E. co//)].
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From the comparative analysis of enterococci and E. coli the conversion factor 
between the two is, very approximately, enterococci/1.15 = E. coli (using a log scale). 
After adjusting the results, the number of records in the upper left-hand quadrant has 
been reduced from 25 to 17 (number of BWQF due to enterococci alone). As a 
consequence of the data manipulation the number of records in the bottom right-hand 
quadrant increased from four to seven (number of BWQF due to E. coli alone). This 
phenomenon is due to a general downward shift in the data points. Any points near 
the regulatory limit lines have been displaced to adjacent quadrants. Overall, the 
adjusted data has increased the explained varianee between the two parameters from
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81 per cent to 86 per cent (an acceptable level of correlation based on previous 
criteria).
An additional study was necessary to determine if there was any difference in the 
recovery rate when isolating enterococci by MF (mEI agar) as opposed to employing 
DST (IDEXX Enterolert®). By correlating the recoveries of enterococci from DST 
could be assessed. Therefore, in 2002, the null hypothesis, IDEXX Enterolert® can 
be used interchangeably with USEPA Method 1600 (mEI agar) for the quantification 
of enterococci from surface water, was tested.
Once again, for the purpose of this study, and in accordance with quality QA and QC 
protocols established in the testing laboratory, good method correlation would be 
achieved if  the was greater than or equal to 0.85 when conducting linear regression
and correlation.
One hundred and sixty-one samples of surface were equally divided in to two aliquots 
in the laboratory after being well-mixed and then analyzed using both IDEXX 
Enterolert® (DST) and USEPA Method 1600 (ME using mEI agar) to determine if 
these two methods could be used interchangeably for the quantification of enterococci 
from bathing waters. The final coefficient of determination was = 0.54 (Figure
3.4). A low coefficient of determination indicates that there was a fair amount of 
variability in recovery of enterococci depending on which analytical method is 
employed, plated agar or DST. Poor dispersion about trend line indicates that the 
paired data points are not exhibiting a factorial relationship. The magnitude of this 
relationship is important when testing against a fixed parameter such as standard.
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Figure 3.4 -  Comparison of the recovery of enterococci from IDEXX Enterolert and mEI agar using 
log-converted data.
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According to the Enterolert® package insert any well exhibiting blue fluorescence is 
to be considered positive for enterococci. Currently there is no comparator by which 
to gauge reaction intensity available for this test; the manufacturer recommends using 
a water blank for comparison when interpreting results. Varying intensities of blue 
fluorescence were frequently noted in the reaction wells. Therefore, the comparator 
used in the Colilert-18® test for E. coli was employed for research purposes to 
ascertain if the frequency of verification would be altered based on the intensity of the 
fluorescent reaction. Concurrent verification of enterococci was performed from the 
chemical substrate method using BHI and BEA agars, according to suggestions by Gil 
Dichter (Worldwide Manager Technical Support - Water, IDEXX, Inc.). Positive 
enterococci verification, as determined by their characteristic growth on BHI and 
BEA respectively, was 81.9 per cent for those organisms that were extracted from
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wells exhibiting any intensity of fluorescence. When the fluorescence was 
characterized as maximal the verification rate improved to 90 per cent (Figure 3.5). 
When fluorescence was charaeterized as greater than that of the manufacturer's cut-off 
(as determined by the comparator) but less than maximal, the verification rate fell to 
60 per cent indicating that another organism(s) may be responsible for these false 
positive reactions (Table 3.1) (Figure 3.5). Wells exhibiting no fluorescence were not 
subjected to confirmatory testing.
Table 3.1 - Verification rates of enterococci isolated from Lake Michigan recreational waters using 
IDEXX Enterolert®. (* This isolate was BHI negative and BEA +) [RXN = reaction]
Verification of Enterococci from IDEXX Enterolert®
ALL FLUORESCING WELLS MAXIMALLY FLUORESCING 
WELLS
SLIGHTLY FLUORESCING WELLS
N
BH1+
&
BEA+
%
BHI
neg
&/or
BEA
neg
%
Equiv
RXN
(*)
% N
BH1+
&
BEA+
%
BHI
neg
&/or
BEA
neg
% N
BH1+
&
BEA+
%
BHI
neg
&/or
BEA
neg
%
83 68 81.9 14 16.9 1 1.2 63 57 90.0 6 10 20 12 60.0 8 40.0
Figure 3.5 -  An example o f a 
fresh water sample analyzed 
for enterococci using IDEXX 
Enterolert and Quanti-Tray 
2000. Note the varying 
intensities of fluorescence. 
[90% represents the 
verification rate from 
intensely fluorescing wells. 
60% represents the 
verification rate from less 
intensely fluorescing wells]
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If the paired data, occurring when the intensity of fluorescence was less than maximal 
on Enterolert®, is removed from the data set and the regression and correlation 
analysis repeated there is no apparent improvement in the correlation between the two 
methods with respect to quantifying enterococci in equal numbers indicating that 
there may be multiple factors influencing these test results (Figure 3.6).
Figure 3.6 -  Regression and correlation analysis o f enterococci concentration performed on log- 
converted data from Enterolert and mEI agar after removing data pairs from less than maximally 
fluorescing wells (Enterolert).
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There was one instance where the BEA plate yielded both characteristic black 
colonies and clear colonies potentially indicating breakthrough of some organism 
other than enterococci. This was only a one-time occurrence during the course of this 
study and was not investigated further. This phenomenon would merit further 
investigation with regards to spéciation should this type of reaction occur in future 
studies.
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Based on the need for accuracy in indexing health risk, and in light of the potential for 
interference when determining enterococci from bathing waters by DST, the decision 
was made to continue with the use of E. coli as the bacterial indicator of water quality 
for all aspects of this study.
3.1.2 Choosing a Detection Method for E. coli -  Plated m-TEC Agar or 
Defined Substrate Technology
A  study was conducted at the study site in Racine, WI, in conjunction with the City of 
Milwaukee Health Department, in order to determine which analytical method would 
give the most accurate and rapid results for the quantification of E. coli from fresh 
water bathing waters.
A total of 234 water samples from five Lake Michigan beaches, three in Milwaukee 
(n=38/beach) and two in Racine (n=60/beach) were analyzed during the summer of 
2000 for the presence of E. coli. All samples were received at the respective 
laboratories within 60 minutes of collection and processed immediately. Split 
samples from each individual monitoring station were simultaneously tested, within 
one hour of collection, using traditional membrane filtration (m- Tec agar) and the 
IDEXX defined substrate methods.
Water sample counts in colony forming units (cfu) ranged from < 1 cfu/100 ml to 
4300 cfu/100 ml by the membrane filtration technique. Water temperature ranged 
from a low of 9° C to a high of 27° C. These values represented a typical range for 
the testing area based on historical data collected by the cities of Milwaukee and 
Racine (Table 3.2).
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Table 3.2 - Range of temperature and density of E. coli observed during the 2000 beach season in 
Milwaukee and Racine, WI (x= mean, SD = standard deviation, cfu = colony forming units). [*A11 
samples from this site run on a 1:10 dilution due to frequently elevated bacterial counts]
City Beach n
Water Temp.
r c )
E. coli 
(cfu/100 ml)
Min. Max. X SD Min. Max. X SD
Milwaukee,
WI
Bradford Beaeh 38 10 25 < 1 1200 172.1 262.7
McKinley Beach 38 10 25 19.4 3.3 < 1 650 79.7 137.5
South Shore 
Beach
38 12 27 20 2400 428.6 505.0
Racine, WI North Beach 60 9 23
16.7 3.3
<10* 2900 175.4 345.6
Zoo Beach 60 9 23 <1 4300 226.3 495.2
The coefficients of determination (R  ^values), measuring the strength of the linear 
association between the two methodologies (paired data), were 0.85, 0.88, 0.93, 0.97, 
and 0.98 respectively when each beach was looked at individually (within beach). If 
all data sets are combined and correlation between methods across all beaches is 
examined the same high degree of correlation is observed (R  ^= 0.91) (Figure 3.7).
Figure 3.7 -  Scatter graph for the combined data from Milwaukee (Bradford, McKinley, South Shore) 
and Racine (North and Zoo) Beaches demonstrating correlation between membrane filtration on to m- 
Tec agar and Colilert-18 for the quantification of E. coli from bathing waters.
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There were ten o f234 instances of paired data in which the disparity of the counts 
would have affected the outcome of the beach closure based on the USEPA 
recommended single event threshold of 235 cfu/100 ml. In seven of these ten 
instances the IDEXX method exceeded the threshold {E. coli >235 MPN/100 ml in a 
single sample) and would have resulted in a beach closure or advisory posting (one 
additional event each at two of the Milwaukee beaches, two events at North Beach, 
and three events at Zoo Beach in Racine) (Table 3.3).
Table 3.3 - E. coli count discrepancies noted between membrane filtration using m-Tec agar and 
IDEXX Colilert-18® where only one test method would have resulted in the exceedance o f the USEPA 
single sample limit (> 235 cfu/100 ml, in bold type) during the course o f this study.
Threshold Discrepancy Counts
i*Bold values indicate counts in excess o f 235 cfu/lOOml
City Beach Date m-Tec Agar 
(cfu/100 ml)
Colilert -18®  
(MPN/100 ml)
Milwaukee, Wl McKinley Beach 7-18-00 220 238*
Bradford Beach 6-13-00 230 236*
Racine, Wl North Beach 6-29-00 180 285*
5-31-00 230 354*
7-19-00 290* 98
7-30-00 290* 185
Zoo Beach 6-12-00 210 256*
8-16-00 220 432*
8-25-00 50 272*
7-6-00 240* 160
In discrepant pairs at North Beach in Racine, both the membrane filtration method 
and the IDEXX method exceeded the USEPA threshold twice {E. coli >235 
MPN/100 ml). At Zoo Beach the ratio was three (DST > 235 MPN/100 ml) to one 
(ME > 235 MPN/100 ml). Analysis of variance to test regression relation of the 
combined data from all five sites suggests that the two methodologies are linearly 
related. The magnitude or absolute value of r indicates a strong positive correlation 
(r=0.9115, p = <0.001). The variation in the two analytical methods with respect to
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the recovery of E. coli is similar, where an increase in counts by MF results in an 
increase in counts with DST (R  ^= 0.91), meeting previously established limits for 
good method correlation.
The IDEXX system incorporates 97 wells in a single tray with an upper limit of 
detection equalling 2419 MPN/100 ml. The manufacturer stated 95 per cent 
confidence limits for Quanti-tray/2000 is similar to those published for membrane 
filter counts ('http://www.idexx.com, last accessed 21®^ January, 2004) and 
theoretically the defined substrate method should be a satisfactory substitute for 
traditional membrane filtration. There was no reason to refute this information based 
on the results presented with respect to the quantification of E. coli and, therefore, 
DST was chosen as the analytical method for all procedures unrelated to the recovery 
of organisms for MST.
3.1.3 Temporal Variation ofE. coli in Surface Water
Surface water samples were collected in the early morning (0900) and at midday 
(1200) in both 2002 (n = 39, 13 days, three sites) and 2004 (n = 50, 50 days, N1 -  N4, 
composite data) in order to determine if  a temporal variation existed with respect to 
the level of E. coli detected in bathing waters. The purpose of the studies was to 
demonstrate whether the time of sample collection exerted no influence on mean E. 
coli counts in surface water, i.e. temporal variation did not exist, or whether mean E. 
coli counts were influenced by temporal variation.
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3.1.3.1 Temporal variation - 2002. Analysis of the log-converted raw data using 
paired/repeated measures t-test/one-way ANOVA indicated a significant difference 
with regards to mean E. coli concentration as determined in early morning and 
afternoon sampling (p = < 0.001, a=  0.05) (Table 3.4) indicating a rejection of the 
null hypothesis (0900 and 1200 mean & coli concentrations are equal).
Graphically depicted, using a box and whiskers diagram, the range of data from the 
morning samples demonstrates a higher concentration of E. coli on the lower end of 
the range when compared to the paired samples taken in the afternoon (Figure 3.8).
Figure 3.8 -  Graphic illustration of temporal variation in LOG 10 E. coli counts from 2002 [value 
concentration in MPN/100 ml, LOG AM = 0900, LOG PM = 1200]
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Table 3.4 -  Comparison o f E. coli concentration in early morning and afternoon samples (n = 39) using 
statistical analysis o f log-converted data [0900 (AM) vs. 1200 (PM)] for 2002 (s.d. = standard 
deviation about the mean, C.I = confidence interval).
Repeated Measures Analysis Summary
Means and standard deviations for 2 repeated measures:
1)AM_LOG10: mean & coli concentration = 2.04103 s.d. = 0.67579
2)PM_LOG10: mean & coli concentration = 1.78205 s.d. = 0.64272
Mean Difference = 0.25897 s.d. (difference) = 0.44172 
95% C.I. about Mean Difference is (0.11574, 0.40221)
Paired t-test
Hypotheses:
Ho: The mean difference between pairs is 0.
Ha: The mean difference between pairs is not 0.
Calculated t = 3.66137 with 38 D.F. p = < 0.001 (two-sided)
Since p <= 0.05, at the 0.05 significance level you have evidence 
to reject the null hypothesis and conclude that the mean difference 
______________  between pairs is not 0.__________________________ __________
The mean (arithmetic) afternoon (N1 -  N3, PM) E. coli concentration of 205 
MPN/100 ml was 48.5 per cent lower than the mean (arithmetic) morning (N1 -  
N3,AM) E. coli concentration of 398 MPN/100 ml (Table 3.5). These results indicate 
that routine monitoring samples, if  collected in the early morning, may skew results 
towards non-compliance (Figure 3.9). Although there were 11 days when the 
afternoon counts exceeded the morning counts they would not have had any effect on 
compliance with water quality standards (Table 3.5). Even though there were five 
discrepant pairs, there would have been no net regulatory impact because compliance 
was determined inclusively, considering the individual values of all three sites (Table
3.5). Considering the short duration of this study (n = 13 days), the study was 
repeated over the entire bathing season in 2004 in order to determine if the same 
effects were noted.
Table 3.5 -  Mean E. coli concentration and regulatory impact using the single sample standard value 
(235 MPN/100 ml) based on time of samples collection -  2002. [Discrepant pairs are indicated by 
colored numbers, red indicates a count greater than the single sample limit and green indicates a count 
below the single sample limit]
Regulatory Impact oi' Sample Collection 1rime - 2002
Date
Site N1 Site N2 Site N3
AM PM AM PM AM PM
7/24/02 89 63 66 41 66 87
7/25/02 66 18 42 19 56 19
7/26/02 689 34 2419 187 2419 249
7/29/02 77 219 11 18 228 58
7/30/02 61 14 53 28 36 54
7/31/02 24 19 101 23 59 93
8/1/02 2419 2419 613 261 1986 285
8/6/02 411 178 548 291 276 140
8/7/02 31 5 36 15 18 7
8/8/02 41 11 39 84 25 15
8/9/02 1553 1733 461 387 261 613
8/16/02 91 28 23 12 30 16
8/21/02 17 109 28 29 67 101
MEAN 428 373 342 107 425 134
Figure 3.9 -Graphic representation of paired data sets based on time o f collection (2002) (n=13 days) 
Line denotes single-sample regulatory limit o f 235 MPN/100 ml for E. coli. [am = 0900, pm = 1200]
Time series plot o f mean am and mean pm counts
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3.1.3.2 Temporal variation - 2004. Analysis of the log-converted raw data 
paired/repeated measures t-test/ANOVA indicated no significant difference in E. coli 
concentration between the morning and afternoon sampling (p = 0.403, a=  0.05) 
(Table 3.6) causing an acceptance of the null hypothesis (Ho: 0900 and 1200 means 
are equal).
Table 3.6 - Statistical analysis o f log-converted data [0900 (AM) vs. 1200 (PM)] for 2004 (s.d. = 
standard deviation about the mean, C.I. = confidence interval).___________________________________
Repeated Measures Analysis Summary
Means and standard deviations for 2 repeated measures:
1)L0G_AM: mean E. coli concentration = 1.706 s.d. = 0.70317
2)L0G_PM: mean & coli concentration = 1.61 s.d. = 0.93159
Mean Difference = 0.096 s.d. (difference) = 0.80457 
95% C.I. about Mean Difference is (-0.1327, 0.3247)
Paired t-test
Hypotheses: Ho: The mean difference between pairs is 0.
Ha: The mean difference between pairs is not 0.
Calculated t = 0.84371 with 49 D.F. p = 0.4029 (two-sided)
Since p > 0.05, at the 0.05 significance level you do not have 
__________________________ enough evidence to reject the null hypothesis._________________________
Although no significant difference existed between population means when 
employing repeated measures analysis on paired data,, the range oîE. coli 
concentrations was larger in the morning (1 -  2238 MPN/100 ml) than in the 
afternoon (1 -1017  MPN/100 ml) with morning samples demonstrating a higher 
concentration of E. coli at the upper limit of the range (Figure 3.10).
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Figure 3.10 -  Graphie illustration of diurnal variation in LOG 10 E. coli counts from 2004 [value 
concentration in MPN/100 ml, LOG AM = 0900, LOG PM - 1200]
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Also, the average E. coli concentration was 22.6 per cent higher at 0900 than samples 
collected from the same locations at 1200. These results indicate that individual 
compliance monitoring samples, if collected in the early morning, may skew results 
towards non-compliance even though the population means were not significantly 
different. Four discrepant pairs were noted (Table 3.7). In 2004 this would have 
resulted in two additional bathing water quality failures had samples been collected at 
0900. Regression analysis of log-converted data demonstrates variability in bacterial 
density recovered in 0900 versus 1200 samples on an event-by-event basis, 
irrespective of the population mean, indicating rapid changes in E. coli content occur 
(Figure 3.11).
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Table 3.7 -  Mean E. coli concentration and regulatory impact using the single sample standard value 
(235 MPN/100 ml) based on time of samples collection -  2004. [Discrepant pairs are indicated by 
colored numbers, red indicates a count greater than the single sample limit and green indicates a count 
below the single sample limit]
Regulatory Impact of Sample Collection Time - 2004
Date AM PM Date AM PM Date AM PM
5-27-04 15 20 6-29-04 10 20 8-3-04 13 1
6-1-04 15 41 6-30-04 15 20 8-5-04 628 1017
6-2-04 28 41 7-1-04 10 110 8-9-04 165 1
6-3-04 36 31 7-6-04 128 86 8-10-04 77 98
6-7-04 10 1 7-7-04 127 97 8-11-04 81 699
6-8-04 1 1 7-8-04 44 121 8-12-04 2238 41
6-9-04 10 1 7-12-04 42 135 8-16-04 15 1
6-10-04 147 118 7-13-04 36 110 8-17-04 196 836
6-14-04 18 10 7-14-04 23 10 8-18-04 62 122
6-15-04 10 31 7-15-04 26 31 8-19-04 108 63
6-16-04 23 1 7-19-04 52 1 8-23-04 276 605
6-17-04 2005 389 7-20-04 131 74 8-26-04 59 183
6-21-04 26 1 7-26-04 113 388 8-30-04 84 98
6-22-04 123 62 7-27-04 20 20 8-31-04 41 52
6-23-04 28 20 7-28-04 78 122 9-1-04 432 118
6-24-04 892 272 7-29-04 309 495
6-28-04 52 10 8-2-04 15 221
Figure 3.11 - Regression and correlation o f 0900 vs. 1200 E. coli concentration, Racine W I2004 (A 
value of -1.0 indicates that no E. coli was detected in either the AM or PM sample. Points falling along 
the x-axis indicate that no E. coli was detected in PM samples).
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3.1.4 Composite Sampling to Maximize Spatial Coverage o f Bathing 
Waters
Research was conducted in 2003 at both public bathing beaches to determine whether 
or not composite sampling (N1-N4 and Z1-Z3) would give equivalent results to 
individual site analysis with arithmetic averaging of results, the prior convention for 
data analysis at the study site (N1+N2+N3+N4 and Z1+Z2+Z3). The null hypothesis 
being that there is no significant difference between the arithmetic mean of E. coli 
concentration calculated fi"om multiple single point analyses and the E. coli 
concentration derived from the composite analysis of the combined samples (o?=0.05).
The two data sets consisted of paired samples from both North (n = 65) and Zoo 
(n=64) Beaches. Analysis of single-point data for all beach sampling sites (N1 - N4 
and Z1 - Z3) by independent group t-test/ANOVA followed by Newman-Kuels 
multiple comparisons analysis demonstrated that there was no significant difference in 
the mean E. coli concentrations across surface water transects {a = 0.05) (Tables 3.8 
and 3.9).
Post-hoc tests are useful when you have no prior prediction about the data and are 
interested in exploring the data for any between-group differences. The Kruskal- 
Wallis Test compares three or more unmatched random samples of measurement 
under the hypothesis that there is no significant difference. Tukey’s test, another 
multiple comparisons analysis, is a test for “honestly significant difference” [The 
Tukey and the Newman-Keuls use the same arithmetic, but they evaluate q, their test 
statistic, against different values. Tukey evaluates it against the studentized range
138
(number of means levels of the independent variable). The Newman-Keuls calculates 
the same q, but uses the number of means which are the largest and smallest. 
Assumptions about the normal distribution of this population could not be made. 
Therefore, the data was also examined using non-parametric tests, Kruskal-Wallis and 
Tukey’s multiple comparisons, which also demonstrated no significant difference 
across surface water monitoring transects at either North of Zoo Beach (a = 0.05).
Table 3.8 -  Results o f independent group t-test /ANOVA and Newman-Keuls multiple comparison 
test, raw data. North Beach surface water transects N1-N4, 2003. [s.d. = standard deviation, d.f. = 
degrees o f freedom]_______________________________________________________________________
Independent Group (t-test/ANOVA)
Group Means and Standard Deviations
N l: mean = 96.1846 s.d. = 178.9432 n =  65
N2: mean = 305.1692 s.d. = 1489.4268 n = 65
N3: mean = 513.2344 s.d. = 3020.3393 n =  64
N4: mean = 122.6923 s.d. = 184.4075 n = 65
Analysis of Variance Table
Source S.S. DF MS F AppxP
Total 728122900. 258
Treatment 7205849.85 3 2401950. .85 0.4679
Error 720917100. 255 2827126.
Error term used for comparisons = 2,827,126. with 255 d.f.
Newman-Keuls Multiple Comparison
Critical q
Newman-Keuls Multiple Comp. Difference P Q (.05)
Mean(3)-Mean(l) = 417.0497 4 1.992 3.665
Mean(3)-Mean(4) = 390.5421 (Do not test)
Mean(3)-Mean(2) = 208.0652 (Do not test)
Mean(2)-Mean(l) = 208.9846 (Do not test)
Mean(2)-Mean(4) = 182.4769 (Do not test)
Mean(4)-Mean(l) = 26.5077 (Do not test)
This is a graphical representation o f the Newman-Keuls multiple comparisons 
test. Homogeneous Populations, groups ranked
Gp Gp Gp Gp 
1 4  2 3
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Table 3.9 -  Results o f independent group t-test /ANOVA and Newman-Keuls multiple comparison 
test. Zoo Beach surface water transects Z1-Z3, 2003. [s.d. = standard deviation, d.f. = degrees of 
freedom]
Independent Group Analysis
Group Means and Standard Deviations
Zl: mean = 83.8594 s.d. = 153.0474 n =  64
Z2; mean = 274.6719 s.d. = 847.9739 n =  64
Z3: mean = 110.2188 s.d. = 190.7337 n =  64
Analysis of Variance Table
Source S.S. DF MS F AppxP
Total 50436850. 191
Treatment 1368513.22 2 684256.6 2.64 0.0743
Error 49068340. 189 259620.8
Error term used for comparisons = 259,620.8 with 189 d.f.
Newman-Keuls Multiple Comparison
Critical q
Newman-Keuls Multiple Comp. Difference P Q (.05)
Mean(2)-Mean(l) = 190.8125 3 2.996 3.348
Mean(2)-Mean(3) = 164.4531 (Do not test)
Mean(3)-Mean(l) = 26.3594 (Do not test)
This is a graphical representation o f the Newman-Keuls multiple comparisons 
test. Homogeneous Populations, groups ranked
Gp Gp Gp 
1 3  2
Since no significant difference was noted between mean E. coli concentrations across 
fixed sampling points at either North or Zoo Beaches based on independent group t- 
test/ANOVA analysis at the 95 per cent confidence limit it can be assumed that the 
average concentration of E. coli in surface water across monitoring transects did not 
vary significantly over the course of a bathing season. This demonstrates that the 
population is rather homogeneous in nature. Because there was no one monitoring 
station that would need to be grouped separately due to a significant difference with
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respect to bacterial indicator density this study site lent itself well to the performance 
of a composite sampling study.
Conversely, although there is no significant difference between the means of the E. 
coli results taken from each individual site, there could be quite a large difference in 
bacterial indicator concentration during a single sampling event. Therefore, when 
considering composite sample analysis, it was important to determine the exact nature 
of the relationship between the composite sample and the individual samples within a 
single sampling event.
A graphical depiction of the placement of the composite sample within the 
distribution of the raw data from single samples (processed as a 1:10 dilution in 
conformance with standard practice at the study site) demonstrates that in general the 
composite sample results are seen to be within the range of single sample values 
(Figures 3.12 and 3.13). Although, as would be expected, there are exceptions (seven 
times at North Beach and nine times at Zoo Beach) (%^ = 0). On those occasions when 
the single sample results are unequivocal in regard to whether the single-sample limit 
has been exceeded (North Beach = three to four values above or below 235 MPN/100 
ml. Zoo Beach = two to three values above or below 235 MPN/100 ml), the 
composite sample result is in agreement (Table 3.10). When discrepancies existed 
with regard to single-sample limit exceedance, it was due to the value obtained at a 
single sampling point. This holds true for the entire study with only one exception at 
each beach. On 3^  ^July 2003, three of the four single samples collected at North 
Beach exceeded the USEPA single sample limit of 235 MPN/100 ml (256,269, and 
327 MPN/100 ml) while the composite sample was 189 MPN/100 ml. On 10* June
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2003, two of the three single samples collected at Zoo Beach exceeded the USEPA 
single sample limit of 235 MPN/100 ml (295, and 379 MPN/100 ml) while the 
composite sample was 185 MPN/100 ml (Table 3.11 and 3.12).
Figure 3.12 - Composite sample values (dots) and corresponding ranges (lines) o f single sample 
densities of E. coli MPN/100 ml, North Beach, for the period of time extending from May to August 
2003 (dots without lines represent instances when all data was in agreement) (Kinzelman et al 2005c).
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Figure 3.13 - Composite sample values (dots) and corresponding ranges (lines) o f single sample 
densities o f E. coli MPN/100 ml. Zoo Beach, for the period of time extending from May to August 
2003 (dots without lines represent instances when all data was in agreement) (Kinzelman et al 2005c).
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Table 3.10 -  Single sample (N1-N4, Z1-Z3) and composite (NCOMP and ZCOMP) sample values 
from North and Zoo Beaches, 2003, discrepancies are highlighted. [Red = USEPA single sample limit
Date N l N2 N3 N4 NCOMP Z l Z2 Z3 ^ ZCOMP
5/27/03 10 20 1 1 10 1 10 1 1
5/28/03 10 10 1 10 6 30 1 1 4
5/29/03 0571 |727| 175 #34 044 #04 211 #411 #871
5/30/03 20 10 10 10 135 1 31 30 148
6/2/03 1 1 1 1 1 1 10 1 1
6/3/03 41 41 74 41 20 1 84 63 41
6/4/03 10 10 1 10 20 1 1 20 4
6/5/03 1 10 1 10 1 1 1 1 1
6/6/03 10 108 63 31 41 1 31 20 10
6/9/03 1 20 1 10 20 1 1 1 20
6/10/03 10 41 73 98 31 158 #951 #74 08^
6/11/03 189 74 108 134 161 98 121 86 121
6/12/03 20 20 41 86 73 175 021| #71] #74
6/13/03 1 20 1 1 20 1 1 1 1
6/14/03 N/A* N/A* N/A* N/A* N/A* 1 1 1 1
6/16/03 1 1 1 1 1 1 1 1 1
6/17/03 10 1 1 1 1 1 1 1 1
6/18/03 10 1 1 1 13 1 1 10 7
6/19/03 41 31 41 41 20 41 41 20 10
6/20/03 31 41 63 10 41 20 52 31 31
6/23/03 1 63 1 30 10 1 20 31 20
6/24/03 10 63 1 31 1 1 1 161 41
6/25/03 20 41 20 41 41 10 52 10 74
6/26/03 63 #54 1 1 03| 1 10 1 10
6/27/03 1 1 10 10 1 1 1 1 1
6/28/03 05Cj N #419^ P87| 01311 N/A* N/A* N/A* N/A*
6/29/03 10 31 323 41 74 N/A* N/A* N/A* N/A*
6/30/03 20 20 20 1 52 10 1 31 10
7/1/03 63 110 74 10 52 1 1 10 10
7/2/03 52 51 41 31 20 1 41 31 10
7/3/03 30 #54 #691 3271 #891 31 0471 110 #311
7/4/03 |076j 1120331 tio 4 134 #6541 #64] 04751 00171 #25^
7/5/03 20 84 31 52 20 10 1 98 96
7/6/03 148 187 216 #44 #871 121 5211 109 111
7/7/03 85 146 98 185 160 #131 B5Q 143 193
7/8/03 20 M9| 175 218 63 #7841 195 Ml4j
7/9/03 313| K65$ #44 #24 203 #051 160 #0^
7/10/03 41 20 20 109 10 1 31 41 10
7/11/03 10 10 10 1 10 1 20 1 10
7/14/03 1 1 1 1 1 1 10 1 1
7/15/03 10 143 97 054 #54 #951 20 74 #63
7/16/03 10 1 1 1 10 30 41 31 41
7/17/03 1 31 10 52 31 10 10 1 1
7/18/03 41 10 20 52 20 62 85 134 63
7/21/03 134 #591 H0l4 185 #92| 10 #7231 10 #871
7/22/03 228 #011 #801 #14 #321 004 063| #331 0541
7/23/03 109 #44 51 228 86 187 146 98
7/24/03 20 1 41 10 41 1 1 10 10
7/25/03 1 74 1 10 63 1 10 30 31
7/28/03 41 30 30 63 20 31 41 86 63
7/29/03 10 1 10 20 10 10 10 1 10
7/30/03 1 41 41 #43| 031 30 31 73 41
7/31/03 52 84 120 41 63 41 41 74 52
8/1/03 1 30 121 171 20 52 52 110 41
8/4/03 122 74 10 63 63 31 10 10 10
8/5/03 85 52 20 1 52 10 1 1 20
8/6/03 74 51 52 20 74 20 10 10 10
8/7/03 )65| )5d 134 419! #07| 10 62 158 121
8/8/03 )84| 5241 564 B64| 713 5011 #63 0131 056j
8/9/03 187| 187! B43| 171 187 201 h i
8/10/03 30 30 20 10 20 10 31 10 10
8/11/03 175 #83| #34 0911 #081 5501 #231 1041 #73
8/12/03 #24 #6$ m #64j \2g 02d m #73
8/13/03 146 10 31 41 97 74 31 63 31
8/14/03 148 20 31 20 52 1 10 1 10
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Table 3.11 - Instances at North Beach when single point samples would have initiated a water quality 
advisory or closure while the composite sample would have allowed the beaches to remain open for 
swimming. [Values in excess o f USEPA single sample limit o f > 235 MPN/100 ml are in bold type]
Days Exhibiting a Difference in Water Quality When 
Determining Æ'sc/rmc/î/a coli Concentration (MPN/100 mL) 
by Composite Sampling Versus Single Point Samples - North 
Beach, Racine, WI (2003)
Date Nl N2 N3 N4 Composite
6-26-03 63 256 <1 <1 63
6-29-03 10 31 323 41 74
7-3-03 30 256 269 327 189
7-6-03 148 187 216 246 187
7-8-03 20 249 175 218 98
7-15-03 10 143 97 650 150
7-23-03 109 345 51 228 185
7-30-03 <1 41 41 243 63
8-9-03 187 142 187 243 171
Table 3.12 - Instances at Zoo Beach when single-point samples would have initiated a water quality 
advisory or closure while the composite sample would have allowed the beaches to remain open for 
swimming. [Values in excess o f USEPA single sample limit o f > 235 MPN/100 ml are in bold type]
Days Exhibiting a Difference in Water Quality When 
Determining Escherichia coli Concentration by Composite 
sampling Versus Single Point Samples - Zoo Beach, 
Racine, WI (2003)
Date Zl Z2 Z3 Composite
6-10-03 158 295 379 185
7-3-03 31 547 110 231
8-9-03 250 187 201 231
During the course of this study, values for the log standard deviations between the 
composite samples and the daily arithmetic mean of individually assayed samples, 
varied by no more than seven per cent. For North Beach, this is based on a total of 
N=68 sampling days, and for Zoo Beach, a total of N=67 sampling days. 
Additionally, results from this study indicate a reasonable expectation of a simple 1:1
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ratio between the composite samples and the daily arithmetic mean of the three or 
four individual samples (Figure 3.14).
Figure 3.14 - Observed ratios of composite sample to corresponding daily arithmetic mean (DAM). 
The dashed lines indicate the theoretical 90% occurrence range under ideal conditions. Because of 
sampling variation, the actual 90% confidence limits will be somewhat wider than this. (The linear 
pattern that is evident at lower value of DAM is an artifact of the discrete nature of these data) 
(Kinzelman et al 2005c).
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A comparison of the raw data, interpreted using three different interpretation 
scenarios (DGM, DAM, and composite sample analysis, with respect to the number of 
bathing water quality failures triggered byE. coli levels in excess of the USEPA 
single sample standard is show in Figure 3.15. At North Beach there would have 
been no difference regardless of how the data was interpreted. At Zoo Beach 
composite sampling yielded the highest number of failures. The relative number of 
exceedances by each of the three sampling/computational methods will depend on
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how far above or below the limit the true values are, but in general one expects a 
higher frequency of exceedances with daily arithmetic mean (DAM).
Figure 3.15 - Number o f single-sample limit exceedances {E. coli MPN per 100 ml > 235) for daily 
geometric mean (DGM), daily arithmetic mean (DAM), and composite samples (Kinzelman et al 
2005c).
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Currently, microbial assessment of Racine’s bathing beaches is accomplished by 
single point sample analysis. Compliance is determined in one of two ways, either by 
meetings USEPA standards based on single sample E. coli concentrations or a 
calculated five-day rolling geometric mean. The daily geometric mean (DGM) must 
be determined at each beach from the three (Zoo Beach) or four (North Beach) 
individual sample results in order to calculate the five-day geometric mean.
The use of geometric means is a frequent practice in microbiological assessment as it 
is a better measure of central tendency than an arithmetic average. Although the 
primary focus of this study was to compare composite samples to the arithmetic mean 
of the individual samples, an examination of the relationship between the composite
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sample and the DGM is of interest considering the dual nature of the US compliance 
monitoring standards (Figure 3.16 and 3.17).
Figure 3.16 -  Correlation between the daily geometric mean (DGM) o f individual samples collected 
from sites N1-N4 and the composite sample formed from the same sampling locations (2003).
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Figure 3.17 -  Correlation between the daily geometric mean o f individual samples collected from sites 
Z1-Z3 and the composite sample (2003).
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Even though the DGM, by nature of the calculation, “smoothed out” any extreme 
values which may have influenced the arithmetic mean, the amount of variability 
shared between the two measures (DGM and composite sample analysis) was 
approximately 75 per cent at both North and Zoo Beaches.
3.2 Identification and Quantification ofE. coli from Potential Sources 
of Microbial Contamination to Bathing Waters
3.2.1 Spatial Distribution ofE. coli at the Bathing Beaches and in the 
Surrounding Environment
3.2.1.1 Distribution ofE. coli in Beach Sands (Submerged, Foreshore, and 
Backshore)
3.2.1.1.1 Submerged and foreshore. A pilot study of foreshore (measured within 
one meter of berm crest) and submerged sands at the study site demonstrated that 
higher densities of E. coli were isolated from foreshore beach sands, often an order of 
magnitude greater than the number isolated from spatially and temporally related 
submerged sand samples (section 1.8.2.6.1). This spatial relationship of E. coli in 
foreshore and submerged sands was repeated during 2002 in order to reaffirm that this 
pattern of distribution was consistent from year to year at the study site and not a 
singular phenomenon attributable to environmental conditions occurring in 2001. The 
null hypothesis being that no significant difference exists regarding the spatial 
distribution ofE. coli in foreshore versus submerged beach sands.
The strength of the previous relationship was strong (p < 0.001, a = 0.05) and, 
therefore, the number of samples collected in 2002 were approximately 50 per cent of
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those collected in 2001 (344 in 2002 vs. 600 in 2001). Additionally, since no variation 
was noted across beach transects (Nl -  N4) in the 2001 study, 2002 isolates were 
grouped as single entities, being either foreshore or submerged. Results of the 2002 
study were consistent with the previous years study (Table 3.13) (Figure 3.18).
Table 3.13 -  Distribution of E. coli (cfu/g dry wgt.) in foreshore and submerged sediments using 
combined data from all four North Beach sites (N1-N4) (2002). [cfii = colony forming unit]
Location N
E. coli 
Range 
(cfu/g)
E. coli 
Median 
(cfu/g)
E. coli 
Mean 
(cfu/g)
FORESHORE 172 0.0-718.9 15.0 33.3
SUBMERGED 172 0.0-23.2 0.4 1.4
Figure 3.18 - Mean daily E. coli concentration for combined data (N l -  N4) demonstrating the 
distribution o f E. coli in foreshore (one meter from berm crest) in comparison to submerged sand from 
August 2002 (paired data color-coded by day).
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RACINE, WI - AUGUST 2002
300.0-1
720 cfu/g
250.0
A 200.0
o  150.0
Ü 100.0
Foreshore Submerged
LOCATION
149
The mean concentration of E. coli in foreshore sands (33.3 cfu/g dry wgt.) was one 
order of magnitude higher than in submerged sands (1.4 cfu/g dry wgt.). Although 
the mean daily concentration of E. coli (combined data for transects N l -  N4) from 
foreshore sands fluctuated from day to day, it was higher than submerged sands on all 
occasions but one (the initial day of the study. Figure 3.18). Results were consistent 
with those noted from 2001 to 2002 it was unlikely that this relationship would alter 
in years 2003 and 2004 of the study and therefore this analysis was not repeated.
In 2003, sediments adjacent to both the terminal end of the infiltration beds and the 
bypass site of the redesigned English Street storm drain site were collected once 
monthly in order to determine if there was a difference in the concentration of E. coli 
in the foreshore sand of this site since it is an area receiving large external inputs of 
micro-organisms. There were a total of four sampling events with 12 samples taken 
per site for a total number of 96 foreshore sand samples (Section 2.2.6.4, Figure 2.16). 
The mean amount of E. coli recovered from these sediments was no higher than 
previously noted in other foreshore sediments with the mean concentration being in 
the tens of organisms per gram dry weight and the maximum number of organisms 
being in the hundreds of organisms per gram dry weight (Table 3.14).
Table 3.14 -  Distribution o f E. coli in sediments adjacent to the terminal end o f the infiltration beds 
and the storm water bypass o f the English Street storm water outlet (2003).
Location N
E. coli 
Range 
(cfu/g)
E. coli 
Median 
(cfu/g)
E. coli 
Mean 
(cfu/g)
STORM DRAIN 
BYPASS SITE
48 0.0 -137.9 6.7 16.1
TERMINAL END 
INFILTRATION BEDS
48 0.0 -157.2 1.9 11.6
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3.2.1.1.2 Near shore beach sands (West to East). Due to the fact that foreshore 
sediments (collected within one meter of the berm crest) continued to contain the 
highest amounts of E. coli, a more intensive spatial (lateral) distribution study of the 
near shore sediment at North Beach was undertaken in 2004. Samples were collected 
from each transect (Nl -  N4) at the berm crest, the lifeguard stands, and at the 
midpoint between the two for 54 days (Figure 3.20).
Prior to beginning the lateral distribution study the four equidistant transects, N l -  
N4, analogous to the fixed surface water monitoring points along the one km 
designated swimming area of North Beach, were examined to determine if any 
significant difference was noted in the mean E. coli concentration between transects,
i.e. between groups (Figure 3.19, Table 3.15).
N3
N2
Cdjio! Racist at Pabltfwb-
Figure 3.19 -  GIS image overlaid to 
show four surface water monitoring 
stations at North Beach (N l -  N4) and 
corresponding on shore transects. 
Squared off areas are for reference 
only and are not necessarily drawn to 
scale.
No significant difference existed in mean E. coli concentration across beach transects 
(Nl -  N4, n = 161) (one-way ANOVA, p = 0.14) although day-to-day variation
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existed. Similar patterns of E. coli distribution were noted previously in foreshore 
sands; although there was significant daily variation in bacterial density the 
proportionate elevation in E. coli concentration remained when compared to the 
submerged sands (section 1.8.2.6.1). This lack of apparent difference across beach 
transects (Nl -  N4) justified the study design used to investigate the lateral 
distribution (berm crest, midpoint, lifeguard stands) between grouped transects.
Table 3.15 -  Independent group analysis demonstrating mean E. coli concentration across beach 
transects, N1-N4, 2004. (d.f. = degrees o f freedom, n = total number o f sample, s.d. = standard 
deviation about the mean)._________________________________________________________________
Independent Group Analysis
Group Means and Standard Deviations
N l; mean = 72.4988 s.d. = 255.4465 n =  161
N2: mean = 78.6882 s.d. = 284.6452 n = 161
N3: mean = 121.3196 s.d. = 254.3501 n =  161
N4: mean = 66.079 s.d. = 95.7083 n = 161
Analysis of Variance Table
Source S.S. DF MS F AppxP
Total 35522290. 643
Treatment 301510.25 3 100503.4 1.83 0.1414
Error 35220780. 640 55032.46
Error term used for comparisons = 55,032.46 with 640 d.f.
Newman-Keuls Multiple Comparison
Critical q
Newman-Keuls Multiple Comp. Difference P Q (.05)
Mean(3)-Mean(4) = 55.2406 4 2.988 3.63
Mean(3)-Mean(l) = 48.8208 (Do not test)
Mean(3)-Mean(2) = 42.6314 (Do not test)
Mean(2)-MeanÙ) = 12.6092 (Do not test)
Mean(2)-Mean(l) = 6.1894 (Do not test)
Mean(l)-MeanÙ) = 6.4197 (Do not test)
This is a graphical representation o f the Newman-Keuls multiple comparisons 
test. Homogeneous Populations, groups ranked:
N N N N 
4 1 2  3
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Results demonstrated that the highest levels of E. coli were detected between the 
lifeguard stands and the berm crest with the levels at the lifeguard stands (~ 60 m 
from the shore) and at the midpoint between the lifeguard stands and the shore (-3 0  
m from the shore) being significantly higher than the levels of E. coli at the berm crest 
(Table 3.16).
Figure 3.20 - The three sampling sites at each of the four transects. Berm crest (BC), at the midpoint 
between the berm crest and the lifeguard stand (30 m) (MDPT), and at the lifeguard stand (50 -  60 m) 
(LFGS). [Notice the hydrated strip at the lifeguard stands.
/ - /r r
Table 3.16 -E. coli concentrations observed in beach sands as a function o f lateral distribution across 
beach transects (N l -  N4) (SD = standard deviation, cfu = colony forming unit) [NOTE; Some values 
exceeded the limits o f the test and therefore were expressed as greater than the dilution factor 
multiplied by the maximum allowable reading].
E. coli Concentration (cfu/g dry wgt.)
Location N Minimum Maximum Median Mean SD
BERM CREST 216 0.0 357.4 5.5 15.6 41.1
MIDPOINT 216 0.0 >3495.1 45.6 120.2 319.4
LIFEGUARD STAND 216 0.0 >3127.4 58.5 117.8 234.9
The mean density of E. coli isolated from the berm crest (15.6) was an order of 
magnitude lower than samples collected from either the midpoint (120.2) or lifeguard
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stand (117.8). This pattern represented a significant difference in the mean E. coli 
concentration distributed laterally across the length of the bathing beach (Table 3.17). 
Of note, based on field observations, the samples collected at the lifeguard stand were 
fi'equently in an area which remained wetted throughout the duration of the study 
(Figure 3.20). When this occurred, samples were found to have a disproportionately 
higher density oîE. coli than in other areas where bacterial indicator concentration 
was determined (section 3.2.1.1.3).
Table 3.17 -  Statistical analysis o f lateral distribution o f E. coli with iucreasing distance from shore (n 
= total number o f samples, s.d. = standard deviation about the mean, d.f. ^degrees o f freedom).
Independent Group Analysis
Group Means and Standard Deviations
BC: mean = 15.6252 s.d. = 41.0841 n =  215
M: mean= 120.2096 s.d. = 319.3845 n =  215
LFGS: mean = 117.7763 s.d. = 234.8647 n =  215
Analysis of Variance Table
Source S.S. DF MS F AppxP
Total 35527280. 644
Treatment 1532137.5 2 766068.8 14.47 <001
Error 33995140. 642 52951.93
Error term used for comparisons = 52,951.93 with 642 d.f.
Newman-Keuls Multiple Comparison
Critical q
Newman-Keuls Multiple Comp. Difference P Q (.05)
Mean(2)-Mean(l) = 104.5844 3 6.664 3.31 *
Mean(2)-Mean(3) = 2.4333 2 .155 2.77
Mean(3)-Mean(l) = 102.1511 2 6.509 2.77*
This is a graphical representation o f the Newman-Keuls multiple comparisons 
test. Homogeneous Populations, groups ranked:
BC M LFGS 
1 3  2
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The mean E. coli density of sediment samples collected at the midpoint between the 
berm crest and the lifeguard stands and at the lifeguard stands were not significantly 
different from each other. The mean E. coli density of sediment samples collected at 
the berm crest was significantly different (lower) than at either the midpoint or the 
lifeguard stands.
3.2.1.1.3 Determination of vertical distribution ofE. coli in beach sands through 
the measurement of striated core samples. As previously stated, samples 
collected at the lifeguard stand were frequently in an area which remained hydrated 
throughout the duration of the study (section 3.2.1.1.2). The lateral distribution study 
demonstrated that these samples, collected from the vicinity of the lifeguard stands, 
were found to have a high density ofE. coli (section 3.2.1.1.2). In order to better 
characterize the impact of hydrologie factors within this area of highly concentrated 
bacterial indicator organisms, the vertical distribution of E. coli was determined in 
sediment samples (Figure 3.21).
Figure 3.21 -  An example o f the number ofE. coli colonies isolated from 5-cm subsections of 
sediment samples taken from N2 (wetted strip), N2 (LFGS), and N l (BC), 7 September 2004.
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Sand core samples, 25-cm in length, were collected and the density of E. coli 
determined, as a function of depth from the sand surface from multiple sampling 
points along the length of the beach (Figure 3.21) (Table 3.18).
The number of E. coli isolated on m-TEC agar per five-cm subsection of sand core 
samples was higher in cores collected in the wet strip (Figure 3.21). The number of 
E. coli colonies isolated per five-cm subsection was the lowest at the berm crest 
which is consistent with the findings of the lateral distribution study where this area 
had consistently lower E. coli per gram of beach sand than either the lifeguard stand 
or the midpoint between the two (section 3.2.1.1.2).
Table 3.18 - Vertical distribution o f E. coli, expressed as cfu per gram dry weight, in beach sands 
(segments where no bacterial colonies were isolated are expresses as less than the core weight in grams 
multiplied by the dilution factor). [BC = berm crest, WS = wet strip, LFGS = lifeguard stand].
Vertical Distribullion of E. coli in Beach Sands
Depth from 
Surface (CM)
Nl -  (BC) 
E. coli cfu/g 
dry wgt.
N1-(W S) 
E. coli cfu/g 
dry wgt.
N2-(LFGS) 
E. coli cfu/g 
dry wgt.
N2-(W S) 
E. coli cfu/g 
dry wgt.
0.0 -  5.0 cm 17 3 9 215
6 .0 -  10.0 cm <3.7 <3.9 <4.6 87
11.0- 15.0 cm <3.8 6 5 34
16.0-20.0 cm < 3.6 21 <4.4 2
21.0-25 .0  cm <2.8 690 35 <1.7
At the berm crest, all of the E. coli was confined to the top five cm. At N2 (WS) the 
first five-cm sub-section (surface) contained two orders of magnitude more E. coli 
than the last five-cm sub-section of the core sample. At N l (WS) the reverse was 
seen and the concentration of E. coli was greatest at the water table (21.0 -  25.0 cm). 
Both of these sites, and the berm crest, had core samples that were visibly wetted for
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the entire 25 cm length (Table 3.18). The one sample which was not uniformly wet 
throughout the core (N2-LGS) had very little E. coli in all but the 20 -  25 cm sub­
section which was in closest proximity to the water table (Site N2 (LGS) contained 
dry sand from 0.0 -  20.0 cm but wetted sand from 21.0 -  25.0 cm). It was apparent 
from field observations that the wet strip behind the lifeguard stands would increase 
and decrease in size as a function of precipitation events (capturing run-off) or on 
those days when waves were particularly high (entrapping the water washed ashore). 
Aside from these field observations, a further estimation of the distance from the 
surface of the sand to the water table (Figure 3.22) demonstrated an uneven grade on 
the beach, placing this area in closer proximity to groundwater. This anomaly may 
have contributed additionally to the continuous hydration of the strip of sand behind 
the lifeguard stands and subsequent higher E. coli counts in that area {E. coli was 
recovered in higher densities from wet sands).
Figure 3.22 -  Distance from the surface of the sand to the water table at North Beach in each o f the 
four transects (N1 -  N4). Note that the depth to the water table level at 20 m is similar to the depth at 
the berm crest (EC).
Water Table Depth N1-N4
Location 20 
(meters from 
BC)
T Depth of Water 
Table (m)
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At all four sampling sites the distance to the water table increased as the distance from 
the berm crest increased with the peak distance falling at ten meters from the berm 
crest. This was most pronounced at site N1. In all instances the distance to the water 
dropped by a range of 0.2 to 0.45 m at the point of the hydrated strip, 20 m from the 
berm crest. This was a single sampling event and the reasons behind the observed 
vertical distribution of E. coli in beach sands will require further investigation.
A hydrologie assessment should be included to determine if infiltration and transport 
via groundwater is potential source of pollution to surface waters.
3.2.1.1.4 E, coli distribution in backshore sands -  an examination of the potential 
for impervious surface runoff to impact near shore surface waters. Based on 
field observations over the course of this three year study, the near shore beach area, 
extending from the berm crest (foreshore) westwards back to the lifeguard stands was 
found to be an area likely to be subjected to wave action. Conversely, submerged 
sands had relatively little E. coli in comparison and appeared to be in an equilibrium 
state with the water column (section 3.2.1.1.1). High concentrations of bacterial 
indicator organisms associated with sands in this near shore area may then be 
responsible for a portion of the bathing water quality failures associated with non­
point pollution. Empirically the large population of gulls could potentially provide a 
significant burden to these sediments (section 3.2.1.1.6). Another potential source of 
contamination is surface run-off associated with the car parks abutting the backshore 
sands. In order to characterize the influence of surface run-off as a direct source of 
contamination to beach sands, backshore sands were examined for their potential to 
transport micro-organisms associated with impervious surface run-off.
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For two sampling events in 2004, backshore sands, the sands extending from the car 
park to the lifeguard stands (approximately 100 -  150m in width), were examined at 
three points along a horizontal axis extending from the south to the north (see section
2.2.4.2, Figure 2.9) approximately 200 m apart (NBO, NB2, NB3) once during dry 
weather (baseline) and again within 24 hours of a rainfall event to determine the 
potential influence of impervious surface run-off on E. coli concentration in beach 
sands (and resultant impact on surface water quality) (Figures 3.23 -  3.25 and Figures 
3.27-3.29).
Figure 3.23 -  Density oîE . coli in relation to distance from shore beginning at furthermost point from 
shore at NBO (220 m) (NBO = North Beach Oasis Cafe, adjacent to monitoring station N l)  
(BASELINE).
BACKSHORE VS. FORESHORE (NBO)
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D I S T A N C E  F R O M  B E R M  C R E S T  ( m )
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Figure 3.24 -  Density ofÆ coli in relation to distance from shore beginning at furthermost point from 
shore at NB2 (150 m) (corresponds to monitoring station N2) (BASELINE).
B A C K S H O R E  V S. F O R E S H O R E  (N B 2)
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
D IST A N C E  F R O M  B E R M  C R E S T  (m )
Figure 3.25 -  Density of E. coli in relation to distance from shore beginning at furthermost point from 
shore atNBB (160 m) (corresponds to monitoring station N3) (BASELINE).
B A C K S H O R E  V S . F O R E S H O R E  (N B 3)
Baseline testing revealed only random elevations of E. coli (per gram dry weight) in 
samples collected beginning at a distance of five meters from the car park and 
continuing at equally spaced distances (every ten meters) until approximately 40 to 50 
meters from the shore (Figures 3.23, 3.24, and 3.25). At this point there was a more
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consistent elevation in E. coli densities as previously demonstrated in section
3.2.1.1.2.
The bar closest to the junction of the x-y axes represent the car park, the furthermost 
point from the shore for each location tested (NBO, N2, and N3). The variation in the 
scales is necessary to best represent the relative change in the distribution at the three 
sites as the distance from the parking lot to the berm crest can vary due to changes in 
the width of the bathing beach, a function of environmental conditions such as 
changing lake levels. At site NBO, the E. coli counts were less than or equal to 40 
cfu/g until approximately 20 m from the berm crest, which represents the area 
including the lifeguard stands. At site NB2, the E. coli counts were less than or equal 
to 40 cfu/g until a distance of 120 -  100 m from the berm crest where they spiked to 
between 140-170 cfu/g. These elevated counts were isolated, dropping down to 
about 40 cfu/g until approximately 50 m from the berm crest. The highest bacterial 
concentrations at NB2 were also seen within 20 m of the berm crest. At site NB3, 
there was a spike in E. coli concentration within 20 m of the drainage tiles with counts 
dropping off until in the vicinity of the lifeguard stands (the area most subjected to 
wave action) as with NBO and NB2.
After a significant rainfall event on 4* August 2004 (3.35 cm) the identical 
monitoring sites were re-examined to determine if  E. coli density in beach sands had 
increased as a result of the impervious surface run-off associated with the 
precipitation (Figure 3.26).
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Figure 3.26 -  Impervious surface run-off is visible on beach sands after a rainfall event.
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Figure 3.27 -  Density of E. coli in relation to distance from shore beginning at furthermost point from 
shore at NBO (180 m) (NBO = North Beach Oasis cafe, approximately corresponds to monitoring 
station N l)  (RAINFALL).
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Figure 3.28 -  Density o f E. coli in relation to distance from shore beginning at furthermost point from 
shore at NB2 (170 m) (Corresponds to monitoring station N2) (RAINFALL).
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Figure 3.29 -  Density o f E. coli in relation to distance from shore beginning at furthermost point from 
shore at NB3 (130 m) (Corresponds to monitoring station N3) (RAINFALL).
BACKSHORE VS. FORESHORE (N3)
<D
>■a.O
O
"Ôo
400
350
300
250
200
150
100
50
0
130 120 110 100 90 80 70 60 50 40 30 20 10 5 0
DISTANCE FROM BERM CREST (m)
163
The general pattern of bacterial contamination was very similar before and after the 
rainfall event. Although visible evidence of surface run-off existed at all three sites 
(see example Figure 3.26) the concentration of&  coli recovered was actually greater 
from the backshore area during the baseline event. As with the dry event the bacterial 
levels rose as the area in the vicinity of the lifeguard stands was approached (~ 60 m 
from the berm crest) (Figures 3.27, 3.28 and 3.29).
3.2.1.1.5 Re-examination oîE. coli distribution across beach transects (North to 
South) -  late spring versus summer. The mean density ofÆ coli appeared to be 
evenly distributed across beach transects, N l -  N4, at the outset of the bathing season 
(section 3.2.1.1.2) when the number of bathing water quality failures is relatively low. 
Bathing water quality failures increase as the summer progresses (section 3.3.1.2). In 
order to determine if  foreshore sand E. coli concentration was a static condition within 
a single bathing season the distribution of E. coli across beach transects was repeated. 
North Beach site N l, N2 and N4 had no significant difference regarding mean E. coli 
density relative to each other. The mean E. coli density at N4 was not significantly 
different to the mean E. coli density N3, although N3 was significantly different from 
both N l and N2. Looking at mean bacterial densities, N3 had more E. coli (per gram 
dry weight) than did the other three transects (Table 3.19).
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Table 3.19 -  Statistical relationship of E. coli density across beach transects N l -  N4 using non- 
parametric independent group analysis, 2004. [d.f. = degrees o f freedom, SE = standard error]
Non-Parametric Independent Group Comparison
Kruskal-Wallis
Kruskal-Wallis H = 12.89
P-value for H estimated by Chi-Square with 3 degrees o f freedom.
Chi-Square = 12.9 with 3 d.f. p = 0.005
Rank sum N l -  47959.5 N = 161 Mean Rank = 297.89
Rank sum N2 = 49138.5 N = 161 Mean Rank = 305.21
Rank sumN3 = 58533. N = 160 Mean Rank = 365.83
Rank sumN4 = 52059. N  = 162 Mean Rank = 321.35
Tukey Multiple Comparisons
Critical q
Tukey Multiple Comp. Difference Q (.05)
Rank(3)-Rank(l) = 67.9461 3.272 2.639
(SE used = 20.7687)
Rank(3)-Rank(2) = 60.6232 2.919 2.639
(SE used = 20.7687)
Rank(3)-Rank(4) = 44.4794 2.145 2.639
(SE used = 20.7367)
Rank(4)-Rank(l) = 23.4667 1.133 2.639
(SE used = 20.7043)
Rank(4)-Rank(2) = 16.1438 (Do not test)
(SE used = 20.7043)
Rank(2)-Rank(l) = 7.323 (Do not test)
(SE used = 20.7363)
This is a graphical representation o f the Tukey multiple comparisons
test. Homogeneous Populations, groups ranked:
N N N N
1 2  4 3
________
When examining the group ranking, no single beach transect was significantly 
different firom all the other three transects with regard to mean E. coli density (Figure 
3.30). But, greater variation between and across beach transects was seen in this 
second sampling event where no significant difference in mean E. coli density had 
been previously observed. Field observations indicated that no visible change had 
occurred in the physical characteristics of the beach. Other variables needed
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examination in order to explain the fluctuation in E. coli density in foreshore beach 
sands.
Figure 3.30 -  Graphical depiction of non-parametric independent group analysis illustrating a greater 
range of F. coli density at site N3. [SITE: 1 = N l, 2 = N2, 3 = N3, 4 = N4] [ECOLI_CFU_ = E. 
co/i/100 ml]
N1N4VAR2004.DBRECOLI CPU & SITE
3682
2714
1746
778
-190
SITE
3.2.1.1.6 Seagull populations as a potential variable effecting E. coli density in 
foreshore beach sands. There was no apparent physical change across beach 
transects Nl -N 4  (elevation, additional structures, removal of vegetation). A 
possible variable, capable of impacting E. coli density in foreshore beach sands, 
which was identified as a result of field observations, was the large population of 
gulls which frequented both North Beach and Zoo Beaches on a daily basis. The 
number of combined ring-billed and herring gulls noted on Racine’s bathing beaches
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was examined as a function of beach transect (Nl -  N4 and Z1 -  Z3) for 2004 and 
retrospectively for 2003. The daily number of gulls present on the bathing beaches 
was recorded by the person responsible for collecting compliance samples as 
described in section 2.2.2.5 and the results tabulated according to bird density per 
beach transect (Table 3.20).
Table 3.20 -  Average gull densities counted at each o f the beach transects in Racine, WI (2003-2004),
Seagull Numbers per Beach Transect - Racine, WI
2003 20C14
Beach Site X Media
n
Range Beach Site X Median Range
North N l 124 1 0-800 North N l 37 0 0-550
N2 96 0 0-700 N2 180 100 0-1050
N3 340 237 0-2100 N3 136 0 0-900
N4 219 190 0-1000 N4 74 0 0 -6 0 0
Zoo Z1 75 25 0-600 Zoo Z1 32 0 0-200
Z2 45 0 0-400 Z2 8 0 0-100
Z3 24 0 0-370 Z3 12 0 0-100
At three out of seven sites in 2003 the median number of gulls counted was zero (no 
gulls present on those transects of the beach). In 2004 all but one of the seven 
transects had a median of zero. This can be explained by the number of days on 
which no gulls were noted when routine compliance sample were being collected. In 
2003 gulls were absent at transects N l -  N4 50, 59,20, and 27 per cent of the 
sampling days respectively. In 2004 gulls were absent at transects N l -  N4 80, 42, 
51, and 66 per cent of the sampling days respectively. For Zoo Beach transects, Z1 -  
Z3, 41, 61, and 70 percent of the sampling days recorded no gulls respectively. In 
2004, transects Z1 -  Z3 had even fewer gulls with 66, 90, and 85 per cent of the 
monitoring days recording zero gulls per transect (see Appendix B).
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A high mean number of gulls in the vicinity of transect N3 in 2004 may have 
explained the higher concentration of E. coli detected during the last year of this study 
but the mean density of birds in this transect was similar to the mean density of gulls 
at site N2 (136 versus 180 individual birds). Looking at all data, the mean number of 
gulls roosting on the bathing beach at the time of sample collection has decreased 
since 2003 in six out of seven of the transects at North and Zoo Beaches. An 
hypothetical association exists between gull density and E. coli content in beach sands 
at this study site due to the physical evidence of gull droppings on the beach (each 
gram of gull feces contains -  3.4 x 10  ^Æ coli, Sandra McLQWdin., personal 
communication) but causation can not be proven without studies including BST/MST 
as validation.
3.2.1.2 Surface water -  Spatial distribution ofÆ coli in offshore areas (pre- and 
post-rainfall).
The City of Racine has seven fixed monitoring stations along the Root River (see 
Material and Methods, section 2.2.6.S) which have been monitored historically for 
bacterial indicators of surface water quality; the most recent seasonal data (2004, 
arithmetic mean and range), derived fiom once weekly sampling events (Thursday 
mornings), is presented in Table 3.21.
Table 3.21 -  E. coli concentration at fixed monitoring points along the Root River, Racine, WI (2004).
River Sampling Site Mean E. coli 
(MPN/100 ml)
Range E, coli 
(MPN/100 ml)
Johnson Park (Rl) 1518 10 -1 4 ,1 3 6
Horlick Dam (R2) 1431 10 -1 2 ,9 9 7
Cedar Bend (R3) 3705 0 -  12,997
Washington Park Storm Drain (R4) 38,856 0 -198 ,628
Water Street Storm Drain (R5) 18,020 100-173 ,287
State Street Bridge (R6) 1372 6 3 -1 1 ,1 9 9
Chartroom (R7) 1098 20 - 9804
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These results demonstrated that extremely high levels of indicator organisms were 
being discharged to the Root River at those sites associated with storm drains (dry and 
wet weather discharge). The mean concentration ofE. coli at Washington Park and 
Water Street are an order of magnitude higher than the other five river monitoring 
sites. These results also indicate the potential for contributions firom surface run-off 
and storm water discharge to have an additive effect on the bacteriological quality of 
the Root River. Due to the potential bacterial burden from this source, Root River 
sampling sites were included in the spatial assessment of E. coli in offshore areas.
On 21®^ July 2004 a weather front was scheduled to pass through the Racine area at 
approximately 1400 bringing with it moderate to heavy rainfall. This facilitated the 
collection of pre-rainfall (collected 21^ July prior to the rain commencing), rainfall 
(collected within 30 minutes of start of rainfall) and post-rainfall (collected within 18 
hours after the rainfall ended) samples for the determination of the spatial distribution 
of E. coli in near shore and offshore areas. A total of 80 samples were collected each 
day of the event (dry weather and post-rainfall), 20 paired samples by wading out 
from shore (ten equidistantly spaced samples from a depth of one meter and ten at 
those same points but from a depth of 1.5 meters) and 60 deep water samples (3.3 -  
10 m) collected at a depth of 0.3 m below the surface of the water from on board the 
UW- Milwaukee WATER Institute research vessel, the Osprey (Figure 3.21). An 
additional 18 samples were collected by wading out from shore within 30 minutes 
after the rainfall began. All samples were transported to the Racine Health 
Department for analysis of E. coli content by membrane filtration using m-TEC agar 
(section 2.3.1.1).
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The concentrations of E. coli recovered in the 80 samples (in samples collected from 
shore and samples collected from the boat), both pre- and post-rain event, are 
tabulated in Appendix B.
Figure 3.31 -  UW-Milwaukee 
WATER Institute vessel, the 
Osprey, leaving the dock in 
Racine, WI.
3.2.1.2.1 Pre-rainfall samples. Dry weather samples were collected on 21®^ July 
2004 commencing at approximately 1000 and ending by 1400. All samples were 
processed undiluted (1:1). The concentration ofE.  coli in samples collected from 
shore is shown in Table 3.22; all others values are tabulated and appear in Appendix 
B. Numerical results presented in the tables in Appendix B represent actual counts. 
At no time did any count exceed the limit of the test method (greater than 250 
individual bacterial colonies per agar plate).
3.2.1.2.2 Rainfall samples. Rainfall samples were collected on 21 July 2004 
commencing at 1500 (about 30 minutes after rainfall began) (Table 3.22). Only those 
samples which were previously collected from the shore (shore samples one through 
20) were recollected at this time as it was too hazardous to put the boat back out into 
open waters due to the squall-like weather conditions associated with the rain event.
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Table 3.22 -  Concentration oîE . coli in cfu/ml for surface water samples (1 -  20) taken from the shore 
pre-rainfall and approximately 30 minutes after rainfall began. [NC = not collected, “>” indicates 
results above limit o f detection, cfu = colony forming units, red = exceedance o f USEPA standard].
Sample #
GPS
Location
E. coli cfu/100 mL 
Pre-Rainfall 
(1:1)
E. coli cfu/100 mL 
Rainfall 
(1:10 or 1:100)
1
N 42° 44' 21.0" 
W 087° 46' 43.0" 12 300
2
N 42° 44' 25.0" 
W 087° 46' 44.0" 11 > 25,000
3
N  42° 44' 29.0" 
W 087° 46' 46.0" 10 30,000
4
N 42° 44' 34.0" 
W 087° 46' 49.0" 4 800
5
N 42° 44' 38.0" 
W 087° 46' 50.0" 21 8200
6
N 4 2 ° 44' 41.0" 
W 087° 46' 51.0" 30 > 25,000
7
N  42° 44' 48.0" 
W 087° 46' 52.0" 3 10,700
8
N 42° 44' 52.0" 
W 087° 46' 52.0" 9 190
9
N 42° 45' 00.0" 
W 087° 46' 52.0" 5 280
10
N 42° 45' 05.0" 
W 087° 46’ 52.0" 20 NC
11 10 m east o f site 1 6 120
12 10 m east o f site 2 17 140
13 5 m east of site 3 2 5400
14 8 m east o f site 4 1 240
15 15 m east o f site 5 13 300
16 22 m east o f site 6 20 > 25,000
17 25 m east o f site 7 6 3700
18 15 m east o f  site 8 18 70
19 12 m east o f site 9 88 100
20 10 m east o f site 10 32 NC
I
I
C/3
Wo
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All samples were processed diluted at both 1:10 and 1:100 in anticipation of elevated 
levels of E. coli. All results presented in Table 3.22 represent a calculated result and 
indicate the dilution factor employed. There were a few occasions when the count 
exceeded the limit of the test method. At those times the value was expressed as the 
maximum number of colonies (250) multiplied by the dilution factor. When no 
bacterial colonies were detected the count was expressed as a function of the dilution 
factor, i.e. less than 100.
For samples collected during the rain event, 12 out of 18 (67 per cent) exceeded the 
USEPA single sample advisory limit of 235 cfu/100 ml in at least one, if  not both 
dilutions. Eight out of 18 samples (44 per cent) exceeded the USEPA single sample 
closure limit of 1000 cfu/100 ml (Table 3.22).
3.2.1.2.3 Post-rainfall samples. Post-rainfall samples were collected on 22"^ July 
2004 commencing at approximately 1000. The total precipitation in the 24-hour 
period prior to sample collection, as recorded by the City of Racine WWTP, was 1.65 
cm. Samples were diluted 1:10 for the wet weather event due to the anticipated 
contribution of the precipitation so that all colony counts would remain within the 
parameters of the test method (At no time did any count exceed the limit of the test 
method).
Of the 20 samples collected near the shore (by wading to depths of 1.0 m and 1.5 m - 
distance from shore may vary) 17 samples (85 per cent of the total) had counts greater 
than 100 cfu/100 ml during the rain event (Table 3.22) but only three samples (15 per 
cent) remained elevated 18 hours after the rainfall event. Of the 60 samples collected
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from the research vessel, five samples (eight per cent of the total number collected) 
from the dry weather sampling event were lost due to leakage in transit, two samples 
(three per cent), were omitted due to sampling issues (Appendix B). Of the 53 
remaining sample pairs, 11 (21 per cent) had E. coli densities at or in excess of 100 
cfu/100 ml 18 hours after the rainfall event (Figure 3.32). Eighteen (34 per cent), 
decreased in the E. coli concentration (Appendix B).
Referring to the map (Figure 3.33) sites number one and 5 6 -6 0  (boat), taken at the 
mouth of the Root River, increased by one to two orders of magnitude after the 
rainfall event. Sites two through five also increased but not to as great an extent. Sites 
52 -  55, collected as the boat left the river mouth decreased (two out of four) or 
increased slightly (six to ten cfu/100 ml per site). It may be hypothesized that this 
was due to the fact that the wind was from a southwest direction at a moderate speed 
(20 kmph) which caused any plume from the river to be directed away from the 
shoreline as evidenced by the fact that samples collected along the break water and 
parallel to the coast (1 1 -  23) had less E. coli (61 per cent) than in the pre-rainfall 
samples. Other sites showing levels of E. coli of, or in excess of, 100 cfu/100 ml 
included sites, four, 14, 26, 43, and 48 but these appeared to be random occurrences 
as they were not grouped together. Pluming from the Root River, therefore, did not 
appear to have a direct influence on surface water quality at the bathing beaches 
during this rainfall event. While the rain event had a rather immediate impact on near 
shore surface water quality, as evidenced by the elevated samples taken within 30 
minutes of when the rain began, the levels of E. coli decreased substantially within the 
next 18 hours and only two sampling points (57 and 58, both located in the mouth of
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Root River) exceeded the USEPA single sample advisory or closure limit when 
sampled the next day.
Figure 3.32 -  Map showing the sample collection points for the 2004 offshore spatial distribution 
study. Paired samples taken from shore, i.e. 1/21, are designated with a push pin. Individual samples 
collected from the boat are designated with a square (a red marking indicates E. coli >100 cfu/ml 
during (see Table 3.2.2) or post-rainfall (see Appendices)] [Arrow indicates north].
MATERIAL REDACTED AT REQUEST OF UNIVERSITY
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Figure 3.33 -  Map showing the sample collection points for the 2004 offshore spatial distribution 
study. Paired samples taken from shore, i.e. 1/21, are designated with a push pin. Individual samples 
collected from the boat are designated with a square (With respect to a potential plume from the Root 
River, a red marking indicates that the E. coli concentration increased post-rainfall, a green marking 
indicates that E. coli had not significantly increased or decreased post-rainfall) [Arrow indicates north].
MATERIAL REDACTED AT REQUEST OF UNIVERSITY
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3.2.1.3 An assessment of bacterial loading due to storm water discharge
The amount of bacterial loading from the storm drain at English Street, Racine, WI 
(re-engineered in 2002) was assessed in 2003 and 2004 to determine its potential 
impact on bathing water quality.
An initial assessment of the overall system functionality was performed in 2003. 
Rainfall event samples indicated that the system was functioning as proposed. An 
example of one rainfall event is presented in Table 3.23. A schematic depicting the 
position of these devices in relation to each other and Lake Michigan can be seen in 
Materials and Methods (Figure 2.1.6).
Table 3.23 -  Assessment o f the English Street storm drain system to test its functionality during a 
moderate flow rain event (0.38 cm) in 2003. [I/E bed = infiltration/evaporation beds, E /0  = bypass 
outlet]
DATE
Precipitation
(cm)
Infiltration
Evaporation
Beds
E. coli 
MPN/100 ml
Storm Drain 
Bypass Outlet 
(E/O)
E. coli 
MPN/100 ml
8-1-03 0 3 8
At outlet 43,520 At outlet 51,720
I/E bed 1 43,520 Plunge Pool 51,720
I/E bed 2 51,720
I/E bed 3 46,110
I/E bed 4 57,940
I/E bed 5 72,700
I/E bed 6 98,040
I/E bed 7 141,360
I/E bed 8 >241,920
I/E bed 9 NO WATER
Plunge Pool 200
The concentration of E. coli was threefold higher in the first flush storm water 
discharging to the infiltration/evaporation beds (estimated to be contained within I/E 
beds seven and eight based on duration of rain event) than to the bypass outlet (E/0)
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when measured within 30 minutes of heavy rainfall (~ 0.38 cm within 60 minutes) on 
August 2003.
Under light to moderate flow conditions, a single precipitation event of approximately 
0.5 cm or less, this system is designed to discharge all storm water to the I/E beds. 
Larger amounts of total precipitation, either a single event or the receipt of smaller 
amounts over an extended period of time, will exceed the capacity of the Vortechs® 
system to completely filter and divert storm water and it will be concurrently 
discharged through the bypass outlet. In any event, the first flush (or dirtiest storm 
water) will be always be discharged the EE beds as noted in the example presented in 
Table 3.23.
Examples of storm water management as a function of precipitation received are 
presented in Table 3.24.
Table 3.24 -  Efficacy o f storm water remediation as demonstrated by the E. coli content in grab 
samples o f storm water collected during rain events. [EE = infiltration/evaporation basins, E/O = 
English Street storm drain bypass outlet]
Date EE beds 
East Discharge 
{E. W f MPN/100 ml)
I/E beds 
West Discharge 
{E. co/f MPN/100 ml)
E/O 
Discharge 
(E. W f MPN/100 ml)
PPT
(cm)
6-26-03 23,820 46,110 Not Flowing 0.03
8-1-03 201,400 Not Collected 63,100 0.38
7-3-03 16,100 Not Collected 22,800 0.80
6-9-04 4,100 5,200 4,100 0.98
With larger amounts of precipitation, the discharge of storm water flows concurrently 
to both the EE bed outlets (east and west) and the bypass outlet and the E. coli content 
is similar (Table 3.24, 3^  ^July 2003 and 9^  ^June 2004). There is no storm water 
discharge from the bypass outlet with small amounts of rainfall (26* June 2003).
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Since the plunge pools are the receptacles for storm water discharge during rain 
events and they remain continually wetted throughout the bathing season, the bacterial 
content was examined on a weekly basis in 2003 and 2004 (Table 3.25 and 3.26).
Table 3.25 -Comparison o f single sample E. coli concentrations (MPN/100 ml) exiting to I/E bed 
pools versus the pool at base of the EO bypass (2003) [Temp. = C, PPT = 24-hour antecedent 
precipitation in cm, I/E = infiltration/evaporation basins, E/O = English Street storm drain bypass 
outlet]. *Large algal bloom in pools may represent an inaccurate assessment o f E. coli content, data 
excluded from statistical analysis.
Date
E/O pool
E. coli MPN/100 ml
I/E pool
E. co/f MPN/100 ml
Temp (EG/IE)
r c )
PPT
(cm)
5/5/03 1203 161 not taken 0
5/29/03 218 74 17/15 0.89
6/5/03 120 318 14/15 0
6/12/03 145 84 16/16 0
6/19/03 410 98 20/20 0.36
6/26/03 12996* 24192* 23/23 0.03
7/2/03 488 631 28/26 0
7/10/03 630 300 20/22 0.08
7/17/03 243 259 21/26 0
7/24/03 85 85 not taken 0
7/31/03 52 1 22/27 0
8/7/03 521 1 22/28 0
8/14/03 455 10 28/27 0
8/21/03 504 31 26/29 0
8/28/03 880 41 not taken 0
9/2/03 921 250 22/20 0
MEAN 456 156
Table 3.26 -  Repeated measures analysis comparing E. coli concentration in the plunge pools at the 
terminal ends o f the I/E beds and E/O bypass outlet (s.d. -  standard deviation about the mean) (2003).
Repeated Measures Analysis Summary
Means and standard deviations for 2 repeated measures:
1)E0: mean = 390.30769 s.d. = 310.15329
2)IE: mean = 157.92308 s.d. = 179.92937
Mean Difference = 232.38461 s.d.(difference) = 337.77399 
95% C.I. about Mean Difference is (28.15862,436.61061)
Paired t-test
Calculated t = 2.48058 with 12 D.F. p = 0.0289 (two-sided)
Since p <= 0.05, at the 0.05 significance level you have evidence 
to reject the null hypothesis and conclude that the mean difference 
between pairs is not 0.
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In 2003, the concentration ofE.  coli collected weekly from the terminus of the I/E 
beds exceeded the USEPA single sample advisory limit of 235 MPN/100 ml in five of 
the 16 grab samples. This limit was exceeded ten out of 16 times in the E/O plunge 
pool. This translates in significantly less E. coli collected from the terminus of the I/E 
beds (paired t-test, repeated measures analysis, p=0.029) (Tables 3.25 and 3.26). The 
E. coli count in the E/O plunge pool exceeded 1000 MPN/100 ml once (5 May 2003).
In 2004, the mean concentration ofE. coli was about one third less from the plunge 
pool at the terminal end of the I/E beds than the EO bypass (Figure 3.34). Although 
the numerical difference is obvious it does not represent a statistically significant 
difference (p = 0.818) as was noted in 2003 (Tables 3.27 and 3.28). The USEPA 
single sample limit was exceeded nine and six times from the E/O and I/E bed plunge 
pools respectively. The E. coli concentration in the E/O plunge pool exceeded 1000 
MPN/100 ml four times. The E. coli concentration in the I/E bed plunge pool 
exceeded 1000 MPN/100 ml two times.
Table 3.27 -  Comparison o f single sample E. coli concentrations (MPN/100 ml) exiting to I/E bed and 
EO bypass plunge pools (2004) [Temp. = C, PPT = 24-hour antecedent precipitation in cm].
Date
E/O pool
E. coli MPN/100 ml
I/E pool
E. coli MPN/100 ml
Temp. (EG/IE) PPT
(cm)
6/16/04 504 173 22/24 0
6/23/04 327 537 18/21 0
6/30/04 201 419 27/26 0
7/7/04 568 638 21/21 0
7/14/04 295 86 27/27 0
7/21/04 448 169 not taken 0
7/28/04 122 86 29/28 0
8/4/04 8664 1722 26/26 3.4
8/11/04 24192 0 20/21 0
8/18/04 1616 434 27/27 0.25
8/25/04 9208 24192 22/23 0.99
9/1/04 20 0 22/21 0
9/7/04 10 10 22/23 0
9/21/04 63 74 21/21 0
MEAN 3302 2039
179
Table 3.28 -  Repeated measures analysis comparing E. coli concentration in the plunge pools at the 
terminal ends of the I/E beds and E/O bypass outlet (s.d. = standard deviation about the mean) (2004).
Repeated Measures Analysis Summary
Means and standard deviations for two repeated measures:
1)E0: mean = 1747.5 s.d. = 3120.57251
2)IE: mean = 2038.57143 s.d. = 6392.15625
Mean Difference = -291.07144 s.d.(difference) = 4633.52002
95% C.I. about Mean Difference is (-2972.12152, 2389.97864)
Paired t-test
Calculated t = 0.23505 with 13 D.F. p = 0.8178 (two-sided)
Since p > 0.05, at the 0.05 significance level you do not have 
enough evidence to reject the null hypothesis.
Figure 3.34 -  EO bypass plunge pool meanders south, breaking through berm and emptying into Lake 
Michigan due to velocity of the storm water discharge after a rain event of 1.75 cm.
CHANNEL OPENS TO LAKE MEANDER
EO BYPASS
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During the course of this study it was observed by field personnel that exchanges 
occurred between the plunge pools at both the E/O bypass site and the terminal end of 
the I/E beds and Lake Michigan. These exchanges transpired during rainfall events 
but also due to wave action and changing lake levels indicating that this site may be 
source of pollution in wet as well as dry weather (Figures 3.34 and 3.35).
Figure 3.35 -EO bypass plunge pool exchanges water with Lake Michigan due to the force o f heavy 
wave action breaking on the shore (arrows indicate the area where waves have broken through the berm 
crest).
3.2.1.4 Groundwater as a potential source ofE. coli
3.2.1.4.1 Groundwater assessment near the storm drain. Piezometers were placed 
at differing depths (~ 1.0 m and 2.0 m) in two locations adjacent to a storm water 
detention area (infiltration/evaporation beds) running parallel to the shoreline (see
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Figure 2.16, Material and Methods) were analyzed weekly fbr& coli. No E. coli was 
recovered from these two sites during the summer of 2003 (Table 3.29). All results 
were reported as the inverse of the dilution factor employed in the analysis. No 
sample was collected from piezometer site B on 14* August 2003 due to equipment 
failure.
Table 3.29 -  E. coli density in groundwater at the storm drain (English Street outfall bypass and I/E 
bed sites) (2003). [When no E. coli was isolated the results expressed as less than the reciprocal o f the 
dilution factor]
Concentration oîE . coli in Groundwater Adjacent to Storm Drain
Date
Piezometer Site A Piezometer Site B
E. coli MPN/100 ml E. coli MPN/100 ml
6/16/03 <10 <10
6/16/03 <100 <100
6/19/03 <1 <1
6/26/03 <1 <1
7/2/03 <1 <1
7/10/03 <1 <1
7/17/03 <1 <1
7/24/03 <1 <1
7/31/03 <1 <1
8/7/03 <1 <1
8/14/03 <15 not collected
8/21/03 <1 <1
8/28/03 <1 <1
9/2/03 <1 <1
9/8/03 <1 <1
9/15/03 <1 <1
3.2.1.4.2 Groundwater assessment for surface run-off infiltration. These two 
piezometers, plus one additional piezometer were moved in 2004 to assess the 
influence of surface run-off on groundwater quality. Initially set to a depth of one 
meter in early summer, they were eventually set to a depth of two meters by the end 
of the summer. The concentration of E. coli recovered in early summer, when 
evidence of surface run-off was present based on field observations (Figure 3.36), 
differed from the level of E. coli recovered later in the summer. E. coli levels
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decreased eventually being undetectable by late August which coincided with the 
decrease in visible surface run-off (Table 3.30).
Figure 3.36 -  An example of E. coli concentrations recovered from the three piezometers at Zoo Beach 
in early summer, 2004.
CmiMm
E. coli = 184 MPN/100 ml. INI
E. coli = 184 MPN/100
Table 3.30 -  Concentration of E.coli isolated from ground water at Zoo Beach (2004). [When no E. 
coli was isolated the results expressed as less than the reciprocal of the dilution factor]
E. coli (MPN/100 mL from Groundwater Sites (Piezome 
and Piezometer N) Located below the Racine Zoo
ter E l, Piezometer E2 
logical Gardens
Date
E. coli MPN/100 mL 
Piezometer El
E. Wf MPN/100 mL 
Piezometer E2
E .W f MPN/100 mL 
Piezometer N
6-24-04 479 184 184
7-1-04 20 350 96
7^^W 134 10 41
7-15-04 97 10 41
7-22-04 40 <10 19
7-29-04 no water <10 no water
8-5-04 no water <10 no water
8-12-04 <10 no water <10
8-19-04 <10 <10 <10
8-26-04 <1 <1 1
9-7-04 <1 <1 <1
9-21-04 <1 <1 <1
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3.2.1.5 Algae {Cladophora spp) as a source of bacterial indicator organisms.
3.2.1.5.1 Association oiE , coli and enterococci to algae. Algal presence was 
designated as low, moderate or high and further classified as to location (stranded, 
submerged or floating on the surface of the water). Microbial indicators were 
recovered from random grab samples of algae located within each beach transect N1 -  
N4 and Z1 -  Z3 and processed using m-Tec agar {E. coli) and MEI agar (enterococci) 
as described in Materials and Methods, sections 2.3.1.1.3 and 2.3.2.1.2 (Table 3.31).
Table 3.31 -  Density ofE.  coli and enterococci recovered from individual algal mats (stranded and 
submerged, n = 27) at North and Zoo Beaches in 2004. [cfu = colony forming units]
Concentration of Bacterial Indicators in Algal Mats
Date
E, coli efu/g Enterococci cfu/g
Stranded Mats Submerged Mats Stranded Mats Submerged Mats
6/15/04 25000 451 1 1
6/16/04 400 725 1 1
6/21/04 400 431 280 50
6/23/04 733 400 15 6
6/28/04 1933 1300 363 320
6/29/04 333 650 800 400
6/30/04 3266 1700 1 1
7/6/04 5066 3800 183 330
7/7/04 1 1 103 150
7/12/04 19266 1300 763 4
7/13/04 25000 25000 513 45
7/14/04 666 1600 4 55
7/19/04 966 1150 1843 10
7/20/04 10700 9000 90 1075
7/21/04 9400 5900 450 25
7/26/04 1333 1 7 1
7/27/04 1700 850 86 55
7/28/04 7233 1355 23 10
8/3/04 233 200 23 1
8/9/04 23(%3 3100 230 50
8/10/04 1933 500 93 20
8/11/04 3500 10100 75 40
8/16/04 4150 1000 390 170
8/17/04 17433 6850 913 55
8/18/04 4466 3600 986 1345
8/23/04 3300 6150 113 440
9/3/04 7900 1250 123 110
Mean 6676 3273 314 177
Minimum 1 1 1 1
Maximum 25000 25000 1843 1345
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Floating mats of algae occurred in only two instances and were, therefore, not 
included in the statistical analysis of the data (Table 3.31). The mean concentration of 
E. coli found in algae samples collected from shore bound mats was more than two 
times higher than the concentration of E. coli recovered from submerged mats 
although significance was not demonstrated (two-tailed t-test, independent group 
analysis with unequal variance, p = 0.07) (Table 3.32) (Figure 3.37, A).
Table 3.32 -  Independent group analysis, two-tailed t-test, demonstrating relationship of E. coli 
concentration in stranded and submerged algal mats. [s.d. = standard deviation]
Independent Group Analysis
Group Means and Standard Deviations
STRANDED: mean = 6675.704 s.d. = 8141.4781 n =  27
SUBMERGED: mean = 3272.741 s.d. =5160.6624 n =  27
Independent group t-test on E, coli cfu/g
Test equality o f variance: F = 2.49 with (26, 26) D.F. p = 0.024 (two-tail)
Note: Since the p-value for equality of variance is low, (less than 0.05) 
use the Unequal variance t-test results.
Equal variance: Calculated t = 1.83 with 52 D.F. p = 0.072 (two-tail)
Unequal variance: Calculated t = 1.83 with 44 D.F. p = 0.074 (two-tail)
The mean concentration of enterococci found in algae samples collected from shore 
bound mats was about two times higher than the concentration of enterococci 
recovered from submerged mats although significance was not demonstrated (two- 
tailed t-test, independent group analysis with unequal variance, p = 0.19) (Table 3.33) 
(Figure 3.37, B). Therefore, bacterial indicators of surface water quality followed a 
similar pattern of distribution with regards to their association with stranded and 
submerged algal mats.
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Table 3.33 -  Independent group analysis, two-tailed t-test, demonstrating relationship of enterococci 
concentration in stranded and submerged algal mats. [s.d. = standard deviation]
Independent Group Analysis
Group Means and Standard Deviations
STRANDED: mean = 176.6667 
SUBMERGED:mean = 313.7778
s.d. = 326.3629 n =  27
s.d. = 427.4348 n = 27
Independent group t-test on E. coli cfu/g
Test equality o f variance: F = 1.72 with (26, 26) D.F. p = 0.176 (two-tail)
Note: Since the p-value for equality of variance is greater than 0.05, 
use the Equal variance t-test results.
Equal variance: Calculated t= -1.32 with 52 D.F. p = 0.191 (two-tail)
Unequal variance: Calculated t= -1.32 with 48.6 D.F. p = 0.192 (two-tail)
In general the bacterial indicator counts in the submerged and stranded mats 
responded in the same manner, i.e. an observed increase in bacterial density in one 
matrix represents a similar increase in the other (Figure 3.37, A and B).
Figure 3.37, A and B- Comparison of E. coli (A) and enterococcal (B) densities in stranded versus 
submerged algal mats. Circled peaks represent instances when an increase in bacterial indicator 
concentration in stranded mats was not correlated to a similar increase in submerged mats.
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It should be noted that representative portions of algae gathered from Racine bathing 
beaches were classified as belonging solely to the genus Cladophora by Dr. Harvey 
Bootsma at the University of Wisconsin -  Milwaukee Great Lakes WATER Institute].
3.2.1.5.2 Association of algal blooms to incidences of bathing water quality 
failures. The concentration of E. coli isolated from the bathing waters at North Beach 
did not correlate with the amount of algae noted in the field (combined stranded and 
submerged mats) at the time of collection (1 = none, 2 = low, 3 = moderate, 4 = 
high)[regression and correlation of log converted data, R  ^= 0.01(NB) and 0.02 (ZB)] 
(Figure 3.38). Neither was there a higher incidence of water quality advisories on 
days when moderate or high levels of algae were noted (stranded and/or submerged). 
Similar conditions were noted at Zoo Beach (Figure 3.39). Additionally, if the E. coli 
concentration is categorically ranked relating to Cladophora presence (low, moderate 
or high) and subjected to independent group analysis no significant difference in the
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amount of bacteria is seen regardless of the amount of algae noted at the study site (p 
= 0.64) (Table 3.34).
Figure 3.38 -  Correlation between algal presence at North Beach (1 = none, 2 = low, 3 = moderate) 
and E. coli concentration in surface water.
North Beach
900 
800 
700 
600
0
1
f  400 
8
ui 300 
200 
100 
0
Algae density
Figure 3.39 -  Correlation between algal presence at Zoo Beach (1 = none, 2 = low, 3 = moderate, 4 
high) and E. coli concentration in surface water.
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Based on this analysis it would appear that algal presence, in the context of this study, 
may not have influenced E. coli content in surface water. This applies to both 
stranded and submerged mats. The analysis is limited by the small number of degrees 
of freedom (Total DF = 26) and better correlation may have been noted if  the degrees 
of freedom were higher, i.e. larger population, and more robust statistics applied.
Table 3.34 -  Analysis o f variation testing relationship o f E. coli concentration to the amount of 
Cladophora present at the study site (2004). [s.d. = standard deviation, d.f. = degrees o f freedom]
Independent Group Analysis
Group Means and Standard Deviations
1 (low algae): mean = 49.0 s.d. =41.4789 n = 5
2 (moderate algae): mean = 157.9 s.d. = 257.7469 n = 20
3 (high algae): mean = 122.5 s.d. = 17.6777 n = 2
Analysis of Variance Table
Source S.S. DF MS F AppxP
Total 1317211. 26
Treatment 47780.37 2 23890.18 .45 0.6419
Error 1269430. 24 52892.93
Error term used for comparisons = 52,892.93 with 24 d.f.
Newman-Keuls Multiple Comparison
Critical q
Newman-Keuls Multiple Comp. Difference P Q (.05)
Mean(2)-Mean(l) = 108.9 3 1.339 3.532
Mean(2)-Mean(3) = 35.4 (Do not test)
Mean(3)-Mean(l) = 73.5 (Do not test)
This is a graphical representation o f the Newman-Keuls multiple comparisons 
test. Homogeneous Populations, groups ranked:
L H M  
1 3  2
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3.2.1.6 Measuring of environmental parameters (wind, waves, rain, temperature)
Each day of routine sample collection, the following environmental parameters were 
recorded: wind speed and direction (in vector and degrees), an estimation of wave 
height, the amount of precipitation recorded in the 24-hour period prior to sample 
collection, and the temperature of the air and surface water (Material and Methods, 
section 2.2.2). Since the bacteriological quality of surface water is subject to rapid 
changes both temporally and spatially, the recording of these parameters may lead to 
evidence useful in predicting pollution events and investigating the possibility of real­
time predictive modelling as part of a beach classification scheme.
3.2.1.6.1 The influence of wind direction on E, coli concentration. Prior analysis 
of wind direction in relation to bathing water advisories at the study site indicated a 
relationship between an increased number of bathing water failures and any wind 
vector containing the directions east, representing an onshore wind (section 1.8.2.6.1). 
Data was reviewed over the entire course of this research project to determine 
whether or not a sustainable relationship existed between the number of days when 
the predominant wind vector includes east and the number of bathing water quality 
failures observed. The number of days including wind vector east increased from a 
high of ten days in June to a high of 16 days in August o f2002. Similar results were 
demonstrated for the years 2003 and 2004 (Table 3.35).
Table 3.35 -  Number o f sampling events when the wind direction included the vector east (*no 
sampling events occurred in May 2002, **only five sampling events occurred in May 2003, ***only
Year
Number of Days Including Wind Vector East (90°^ by Month
May June July August
2002 0* 10 9 16
2003 2** 9 12 17
2004 9 10 10
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In two out of the three years of the study the increased number of days including wind 
vector east also reflected an increase in the number of days with bathing water quality 
failures as determined on a monthly basis. This translates to a correlation of about 50 
per cent which is rather low but, there is a general trend towards higher bathing water 
quality failure rates when there are a greater number of days with an easterly wind 
(Figure 3.41). Onshore winds, originating from an easterly direction, have the ability 
to increase wave height as noted in field observations (Figure 3.40).
Figure 3.40 -
High waves with 
an easterly, 
onshore, wind at 
North Beach 
(2004).
Figure 3.41 -  Number of monthly bathing water quality failures as a function o f number of days with 
wind direction containing vector east (2002 -  2004).
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3.2.1.6.2 Wave Height versus E, coli concentration. The frequency of wave height 
distribution (low, medium, or high) by number of days noted per month for the period 
of study is shown in Table 3.36. The number of days with either moderate or high 
waves noted increases as the bathing season progresses with the overall total number 
of days designated as having waves being highest in August (for combined data from 
2002 -  2004) (Figure 3.42). August is also the month which had the most days 
containing wind vector east for all three years of the study (section 3.2.1.6.1) and the 
greatest number of bathing water quality failures due to elevated E. coli levels in two 
out of the three years of the study (section 3.3.1.2).
Table 3.36 -  Wave height distribution, number o f days per month for the years 2002 -  2004.
Year
Daily Frequency of Wave Height by Month
Hay/June July August/September
Low Medium High Low Medium High Low Medium High
2002 6 5 10 12 6 9 4 13 10
2003 15 13 0 6 14 5 8 11 4
2004 14 6 4 13 4 5 5 16 9
Figure 3.42 -  Summarization of number of days per month of given wave height distribution (low, 
moderate, high) for years 2002 -2004.
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For the study period, there were a total of 24 days with waves of moderate height in 
June and July as opposed to a total of 40 days with waves of moderate height in 
August. There were 14 days designated as having high waves in June, 19 in July and 
23 in August.
3.2.1.6.3 Influence of precipitation events on E. coli concentration. The amount of 
precipitation received in the 24-hour period prior to and including the time when 
routine surface water samples were obtained was recorded daily when compliance 
monitoring samples were collected (data was handled in this manner to reflect the 
several days with no precipitation). The average daily and monthly precipitation 
amounts, including total precipitation for the bathing season, are presented in Tables 
3.37 and 3.38.
Table 3.37 -  Average daily precipitation at North Beach, Racine, W1 (2002 -  2004).
Date
Average Daily Precipitation by Month (cm]
JUNE n RANGE JULY n RANGE AUGUST n RANGE
2002 0.61 9 0.02-2.15 038 8 0.02-5.53 0A8 10 0.02-4.78
2003 0.15 9 0.02-1.30 0.58 13 0.02-3.50 0T8 5 0.02-2.23
2004 (158 11 0.05-3.10 0.08 4 0.02-1.65 033 8 0.02-3.35
Table 3.38 -  Monthly precipitation, including total rainfall for bathing season, 2002 -  2004.
Monthly Precipitation Totals
Year
Total Monthly Precipitation (cm) Season Total 
(cm)JUNE JULY AUGUST
2002 12.82 9.48 12.65 34.95
2003 3.62 14.08 4.05 21.75
2004 12.50 L78 &80 ZL08
Months with the greatest number of rainy days did not always have the highest 
average daily precipitation (Table 3.37, Figures 3.43) and there was no correlation
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between the monthly rainfall totals and the number of bathing water quality failures 
(Figures 3.44, 3.45, and 3.46).
Figure 3.43 -  Average daily precipitation by month (in cm) for the years 2002 -  2004.
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Although the daily and monthly average precipitation was highest in June in two out 
of the three years of the study (2002 and 2004) (Tables 3.37 and 3.38), June 
consistently had the lowest number of bathing water failures (Figure 3.44).
Figure 3.44 -  Comparison of monthly precipitation (PPT) totals in cm and number o f bathing water 
quality failures (BWQF) for 2002 -  2004.
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There was no common pattern between the monthly precipitation totals and the 
number of bathing water quality failures. Other precipitation parameters such as the 
intensity/duration of rainfall may provide better correlation with poor surface water 
quality. Although statistical causation can not be directly implied regarding monthly 
precipitation totals and the number of bathing water quality failures evidence of single 
rain events adversely impacting surface water quality exists. The effect of 
precipitation in the 24-hour period preceding, and including, the time of compliance 
monitoring caused a dramatic change in the content of E. coli in surface water 
samples on 18^  ^August 2004 within a matter of hours (Figure 3.45).
Figure 3.45 - Effects of precipitation (2.95 cm in previous 24-hour period) and sampling time on E. 
coli concentration at North Beach, Racine, WI (18* August 2004).
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3.2.1.6.4 Surface water temperature and E. coli concentration. The surface water 
temperature of Lake Michigan, measured in one degree increments, was taken once 
daily at each monitoring station (N1 -  N4 and Z1 -  Z3) during the summers of 2002 -
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2004. Temperatures ranged from 8°C - 24°C. Day to day variation per annum is 
shown in Figures 3.46, 3.47, and 3.48.
Figure 3.46 -  Lake Michigan surface water temperature (°C) determined at the time o f compliance 
monitoring - North Beach, Racine, WI (2002). [Arrows show examples of episodic up welling.]
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Figure 3.47 -  Lake Michigan surface water temperature (°C) determined at the time o f compliance 
monitoring - North Beach, Racine, WI (2003).
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Figure 3.48 - Lake Michigan surface water temperature (°C) determined at the time o f compliance 
monitoring - North Beach, Racine, WI (2004).
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Although temperatures generally rose gradually over the eourse of the summer there 
were times when a rapid decline was seen. This occurrence was due to a physical 
limnological process known as upwelling, the transport of deeper water to shallow 
levels due to the action of the wind being blown across the surface of the lake (section 
1.8.2.6.2). The arrows depicted in Figure 3.46 designate two examples of episodic 
upwelling. At no time during the course of this study were episodes of upwelling 
associated with occurrences of bathing water quality failures.
The relationship between surface water temperature and the concentration of E. coli 
was examined for the years 2003 and 2004 to determine if there was significant, 
positive correlation between a rise in surface water temperature and a resultant 
increase in the density of micro-organisms:
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Scatter plots of the data demonstrate that a negligible percentage of the variation in E. 
coli concentration was explained by surface water temperature [R^=0.02 (2003), 
R^=0.04(2004)] (Figure 3.49 and 3.50).
Figure 3.49 -  Relationship ofE. coli concentration to surface water temperature, North Beach, Racine, 
WI (2003). [NOTE: points appearing at -1.0 on the y-axis represent instances where the there was no E. 
coli detected]
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Figure 3.50 -  Relationship oîE . coli concentration to surface water temperature. North Beach, Racine, 
WI (2004). [NOTE: points appearing at -1.0 on the y-axis represent instances where the there was no E. 
coli detected]
I *
Tem perature (C)
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3.2.1.6.5 Correlation of spatial distribution to environmental parameters. During 
the course of this study both point and non-point sources of pollution such as beach 
sands, storm water discharge, ground water (potentially), and surface run-off were 
shown to have the ability to provide a bacterial burden to the surface water of Lake 
Michigan in Racine, WI. Environmental parameters such as wind direction, 
precipitation, and wave height were also analyzed for their association to increased 
levels of E. coli and/or greater number of bathing water quality failures. In addition 
to these urban pollution sources and environmental parameters the potential influence 
of direct anthropogenic inputs was also be examined.
3.2.1.7 Onboard boater waste as a potential source of contamination.
In 2003 a survey of the six Racine marinas was conducted to determine the number of 
boat slips available for hire, the number of slips hired out, and the availability of 
pumping stations for the removal of human wastes (Table 3.39).
Table 3.39 -  The number of available boat slips, number hired out and availability o f pumping 
facilities by marina -  Racine, WI (2003).
2003 Marina Survey- Racine, WI
Facility Number of Slips Number Hired % Occupancy Pumping Station
Reefpoint Marina 925 550 60 Yes
Harbor Lite Yacht Club 5 4 80 No
Pugh Marina 107 107 100 Yes
Racine Yacht Club 60 58 97 No
Azarian Marina 166 83 50 No
Fifth Street Yacht Club 42 21 50 No
The total occupancy rate of combined boat slips was approximately 63 per cent of the 
total number available in 2003 with 823 of the 1305 slips hired out for the season. All 
marinas which lacked pumping stations reported that their clients were able to use the
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pumping station at the Ree%oint Marina. The cost of pumping out the onboard toilet 
is $7.00 US dollars regardless of the amount of waste. ReeQ)oint Marina pumped 
approximately 30,283 liters of waste in 2003, all of which was pumped directly into 
the city’s sanitary sewer system. Pugh Marina also offers a sanitary waste disposal 
directly to the city’s sanitary sewer system for a fee of $7.00 USD but records stating 
the total amount pumped were unavailable from the facility manager.
Marina operators and recreational boat distributors were queried as to the likelihood 
of boaters opting to release their untreated waste into the open waters of Lake 
Michigan in lieu of paying the fee. All parties agreed that the design of boats 
typically used in this area would make the release of untreated wastes very difficult, if 
not impossible, to accomplish without a major alteration to the boat.
3.2.1.8 Potential for bathers to impact surface water quality.
For each year of the study, 2002 -  2004, the number of bathers present at the public 
bathing beaches was recorded once daily, each day that samples were collected, by 
the individual responsible for compliance monitoring (Tables 3.40 and 3.41).
Table 3.40 -  Mean daily bather density at North and Zoo Beaches, Racine, WI, by month for the years 
2002 -2004.
Mean Daily Bather Density  Recorded in Racine, WI
Year
INbrth Beach
Year
Zoo Beach
May/June July Aug./Sept. May/June July Aug./Sept.
2002 77 96 46 2002 23 30 14
2003 27 50 90 2003 10 19 24
2004 4 143 40 2004 1 23 9
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Table 3.41 -  Minimum and maximum daily bather density at North and Zoo Beaches by month for the 
years 2002 -2004.
Minimum and Maximum Daily Bat ler Densiity Recorded in Racine, WI
Year
ISorth Beach
Year
Zoo Beach
May/June July Aug./Sept. May/June July Aug./Sept.
2002 0-223 13-262 0-156 2002 0-105 0-155 0-46
2003 0-130 4-116 0-256 2003 0-64 0-70 0-74
2004 0-21 0-300 0-200 2004 0-4 0-100 0-100
North Beach consistently had a greater mean number of bathers than Zoo Beach. The 
highest densities of bathers were seen in July 2004 when there were 19 out of 22 days 
with greater than 100 bathers noted at the time of samples collection (mean for the 
season was 143 bathers per day).
3.3 Estimation of Annual Health Risk to Bathers
3.3.1 Routine Compliance Monitoring Data
3.3.1.1 City of Racine 2002 -  2004 monitoring program.
Routine monitoring occurred daily (Monday -  Friday) throughout the bathing season, 
generally commencing the last week of May and continuing through 1®^ September 
annually (Table 3.42). When bathing water quality failures occurred, as a result of 
non-compliance with USEPA single sample or five-day geometric mean limits for E. 
coli, re-sampling continued on a daily basis (seven days per week) until such time as 
bacterial levels fell below the action limit. Only a single exceedance was necessary 
for this type of re-sampling scheme to occur. Bathing beaches were posted during
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these times using signage approved for such purposes hy the City of Racine (2002) 
WI Department of Natural Resources (2003, 2004) (Figure 3.51, A and B).
or
Year
2002
2003
2004
Sampling Scheme for Routine Compliance Monitoring - Racine, WT 
Samnlinp xt__ i___  ^ n —-------A——p g
Start Date
3^ June
2 ^  June
~1T  May
Sampling Stop 
Date
3(F August
2 ^  August
3^ September
Number of 
Sampling Events
76
72
76
Length of Beach 
Season (Days)
87
96
96
~  9"^ % Allures in
UlEICOmE TO NORTH BEAEH
HERE IS  YOUR WATER 
QUALITY ADVISORY 
FOR , FRIDAY -  AUG. | 1 7
BASED ON RECENT MONITORING BY THE RA CINE HEALTH DEPARTMENT
S O M E  S O U R C E S  OF W A TER POLLUTION6 SjUJoter Temperature
■ Baclttia levait are within Standards aalsbiishod by the USEM RISK MR lUNESS IS LOW.
■ Baclerla layali are te le *  Standards eslabhshed by the USERA RISK FOR ILLNESS IS HIGH.FOR MORE INFORMATION MEASE CALL THE RACINE HEAITK OEFARTMENT 
AT636-92O10R flSIT waw.hucttealtli.er.eiti.teir
•  Urban run-off
•  S torm  Sowora
•  Wild and  dom eslic  animal waafa 
« Boat sow age
W H A T YOU CAN DO TO R ED U CE W A TER POLLUTION
•  Do not litter (diapera. pe t w aste , e tc .)
•  Do not depo&it sanitary w aste  in storm  sow er drains
•  Do not food the se e  gulls g e e se
•  Conserve w ater w henever possib le
•  Avoid using chem ical fertilizers pe stic id e s
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The signage depicted in Figure 3.51 (A) was typical of that in place during the 2002 
bathing season. It was noted by lifeguards and field sampling personnel that 
advisories and closures designated by this type of signage often went ignored by the 
public creating the potential for greater exposure risk. In 2003 the signage was 
changed to reflect these concerns [Figure 3.51 (B)] of the health department and 
beach management personnel. The current signage uses the more universal 
convention of green (open/safe), yellow (advisory) and red (stop/closed) and is bi­
lingual (English and Spanish) to accommodate the large Hispanic population in 
Racine. Fewer incidences of exposure have been noted since this type of sign has 
been used.
B
3.3.1.2 Compliance monitoring using E. coli (annual statistics, 2002 - 2004).
Results from routine daily monitoring of Racine’s two public bathing beaches were 
reported daily (Tuesday -  Saturday) by the laboratory to the sanitarian in charge of
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water quality monitoring (Chuck Dykstra, Racine Department of Environmental 
Health, chuck.dykstra@cityofracine.org) via e-mail.
The bacteriological results as well as other recorded environmental parameters (air 
and water temperature, wave height, wind direction and speed, precipitation, wildlife 
count, and algal presence) were entered into the USGS hosted Beach Health web site 
(http://infotrek.er.usgs.gov/servlet/nage? nageid=1993,2002& dad=portal30& sche 
ma=PORTAL30 last accessed 28 May 2005) as a requirement under the USEPA 
BEACH Act. A summary of the average concentration of E. coli and range ofE.  coli 
for the study period can be seen in Tables 3.43, 3.44, and 3.45.
Table 3.43 -  Seasonal bacterial indicator concentrations determined from compliance monitoring using
E, coli Concentration (MPN/100 ml) - 2002
Monitoring
Station
Average
DGM
Minimum
DGM
Maximum
DGM
Median
DGM
North Beach 122 1 1399 33
Zoo Beach 310 1 12,496 38
Table 3.44 -  Seasonal bacterial indicator concentrations determined from compliance monitoring using
E, coli Concentration (MPN/100 ml) - 2003
Monitoring
Station
Average
DGM
Minimum
DGM
Maximum
DGM
Median
DGM
North Beach 117 1 1683 30
Zoo Beach 107 1 1266 17
Table 3.45 -  Seasonal bacterial indicator concentrations determined from compliance monitoring using 
an E. coli standard and conq)osite sample analysis) -  2004. [NOTE: Beginning in 2004, the testing 
authority switched from individual sample analyses and a calculated DGM to using composite sample
E. coli Concentration (MPN/100 ml) - 2004
Monitoring Average Minimum Maximum Median
Station Composite Composite Composite Composite
North Beach 517 1 24192 90
Zoo Beach 407 1 17329 41
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The number of bathing water quality failures by month increased as the bathing 
season progressed with the month of August having the greatest number of advisories 
in two out of the three years (Table 3.46).
Table 3.46 -  Combined total number o f days having bathing water failures by month for North and 
Zoo beaches (*no sampling events in May 2002, **only 5 sampling events in May 2003, ***only 2
Year
Number of Annual Bathing Water Failures by Month
May June July August
2002 0* 8 9 16
2003 2»» 5 11 7
2004 2 4 17
In 2002 and 2003 the samples collected from monitoring stations at North Beach (N1 
- N4) and Zoo Beach (Z1 - Z3) were analyzed individually and then the geometric 
mean of these three (Zoo Beach) or four (North Beach) was determined. This value, 
the daily geometric mean (DGM), was then used to determine the five-day geometric 
mean (5-day GM) for compliance with USEPA standards for E. coli (five-day GM not 
to exceed 126 MPN/100 mL). Individual results (without averaging) from the 
monitoring stations (N1 -  N4 or Z1 -  Z3) were used to determine single-sample 
exceedance (>235 MPN/100 mL) (Table 3.47). Racine determines non-compliance 
using both the five-day GM and single-sample exceedance rules. E. coli values in 
excess of USEPA limits following a single exceedance with either of these rules 
triggers an advisory notice.
fri 2004 a composite sampling scheme was instituted and, therefore, all samples from 
individual monitoring stations were pooled prior to analysis (section 2.3.1.4). The
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single E. coli result obtained from this composite sample was used to determine 
compliance under both the five-day and single sample rule.
3.3.1.3 Seasonal bathing water quality failures - advisories and closures.
During the course of this study the number of bathing water quality failures were 
noted per beach (North and Zoo) on an annual basis (Figure 3.52). The number of 
annual bathing water quality failures at North Beach ranged from a high of 31 days in 
2003 to a low of 22 day in 2004. On average the North Beach was posted 24 days per 
season for the period beginning in 1994 and ending in 2004. During this three year 
study the average number of days posted per season was 27. The number of bathing 
water quality failures at Zoo Beach ranged from a high of 26 days in 2003 to a low of 
16 days in 2004. On average Zoo Beach was posted 22 days per season for the period 
beginning in 1994 and ending in 2004. For the study period, Zoo Beach was posted, 
on average, 21 days per season. These values fall well above the USEPA Great Lakes 
Strategy 2010 target value of no more than nine postings per bathing season (based on 
meeting the criteria stating that bathing water quality failures must exceed no more 
than ten per cent of any given bathing season).
Prior to 2004, samples from individual monitoring stations were analyzed separately 
and averaged to get the daily arithmetic mean which was in turn used to calculate a 
running five-day geometric mean. Compliance was determined based on meeting 
dual criteria stating that the E. coli density in no single sample could exceed 235 
MPN/100 ml and that the running five day geometric mean must remain below 126 
MPN/100 ml. The number of bathing water quality failures posted annual is based 
solely on the assessment of microbial indicators determined by a test method
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requiring 18 hours before results become available and, therefore, bathing water 
quality failures are posted retrospectively based on the previous days test results.
Figure 3.52 -  Bathing water quality failures (advisories and closures) at North and Zoo Beaches, 
Racine, WI (1994 -  2004).
BATHING WATER QUALITY FAILURES, 1994-2004
NUMBER OF FAILURES
NUMBER OF FAILURES
□  NORTH BEACH 
ZOO BEACH
1994 1995 1996 1997 1998 199g,-^O D D  2001 2002 2003
YEAR
BA TH ING  W A T E R  Q U A LITY  F A IL U R E S  - 2 0 0 2 -2 0 0 4
n  NORTH BEACH
ZOO BEACH
2003 2004
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In 2004, the sampling and testing scheme was modified to incorporate composite 
sample analysis (section 2.3.1.4). This eliminated the arithmetic averaging of 
individual monitoring stations. Compliance was still determined using the dual 
standards requiring that the E. coli density in no one composite sample could exceed 
235 MPN/100 ml and that the running five day geometric mean must remain below 
126 MPN/100 ml. There was no change in the method of analysis in 2004 and results 
were still unavailable for a period of 18 hours after sample collection.
The assessment of microbial indicators by a test method which requires 18 hours 
before bacterial indicator density is known results in the posting of bathing water 
quality failures using the previous day’s data. Because the results of compliance 
monitoring were not available on the same day as the sample collection, an analysis of 
the day of posting versus the concentration of E. coli was conducted to determine the 
accuracy of this beach management program in assessing the health risk to bathers. 
Bathers should be allowed in the water when bacterial indicator densities do not 
exceed published standards and be kept out when those same standards are exceeded. 
Posting of a bathing beach when the water quality on that day is good results in 
committing a Type I error (section 1.6.2). Not posting a bathing beach and allowing 
patrons in the water when adverse health effects are more likely to occur is a Type II 
error (section 1.6.2).
An examination of the Racine compliance monitoring data fi*om 2002 -  2004 
demonstrated that Type I errors, those instances when a bathing water quality failure 
was posted in the absence of increased bacterial indicator organisms, occurred 
annually. Type I errors were noted 11 times in 2004 (Six times at North Beach and
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five times at Zoo Beach), 19 times in 2003 (12 times at North Beach and seven times 
at Zoo Beach), and 15 times in 2002 (11 times at North Beach and four times at Zoo 
Beach) (Table 3.47).
Table 3.47 -  Number of Type I and Type II errors committed per year (2002 -  2004) using combined 
data from both beaches under the current compliance monitoring scheme and per cent error based on 
total number of failures. [* Actual number may be greater than zero since monitoring did not occur 
daily.]
Number of Type I and Type II Errors Committed Annually -  Racine, WI
Year Number of Type I errors Number of Type II errors % Error
2002 15 0* 31
2oæ 19 0* 33
20&4 11 0* 29
These results indicate that, on average, the bathing beaches were erroneously posted 
31 per cent of the bathing season for the years 2002 -  2004 when the bacterial 
indicator density was within acceptable limits (Figure 3.53). No Type II errors were 
committed indicating that the current program was effective in protecting public 
health when elevated levels of bacterial indicators were present.
Figure 3.53 -  North Beach posted due to elevated E. coli levels -  2002.
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3.3.1.4 Association of water quality failures to environmental parameters.
Due to the frequency of bathing water quality failures, an investigation was conducted 
to see which environmental parameters might demonstrate an association to poor 
surface water quality. Tabulated bathing water quality failure data (advisories and 
closures) is presented in conjunction with predominant environmental conditions 
present at the time of sample collection for 2002 -  2004 in Appendix B.
During the three years of the study there were 144 bathing water quality failures. Of 
these, 122 (85%) were advisories {E. coli > 235 -  999 MPN/100 mL) and 22 (15%) 
were closures {E. coli >1000 MPN/100 mL). Sixty-two (42%) followed some 
amount of precipitation (0.02 -  5.5 cm) in the 24-hour period prior to sample 
collection (Figure 3.54).
Figure 3.54 - Per cent of total bathing water quality failures (advisories and closures) associated with 
precipitation (in cm), 2002 -  2004.
5 .0 -5
4.0 - 4.99
3.0 - 3.
0.03 - 0
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Seventy (49%) occurred on days when the wind direction included vector east (Figure 
3.55). One hundred and nineteen (83%) were associated with waves of 0.3 m or 
greater (Figure 3.56).
Figure 3.55 - Per cent o f total bathing water quality failures (advisories and closures) associated with 
wind vectors of varying directions, 2002 -  2004.
W toNNW
N N E t O  E N E
S to WSW
E to SSE
Figure 3.56 - Per cent of total bathing water quality failures (advisories and closures) associated with 
wave height (in m), 2002 -  2004.
1 . 2 - 1 . 5  
5 %
0.6  - 0.8
0 . 3  -  0 . 5
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The surface water temperature ranged from 9.4 -  24.4 °C. Surface water temperature 
was not significantly associated with bathing water quality failures (section 3.2.1.6.4). 
There did not appear to be any difference in the prevailing environmental conditions 
which preceded a single-sample exceedance as opposed to a five-day geometric mean 
bathing water quality failure.
3.3.2 Calculation o f the USEPA Risk Factor
The USEPA risk factor is a calculation performed to designate the risk of a bather 
contracting bathing-associated gastrointestinal illness at a rate of eight individuals per 
1000 bathers. This calculation is based on the microbial assessment of indicator 
organisms using a five-day rolling geometric mean (GM). The USEPA risk factor 
was calculated for the years 2002 -  2004 at both North and Zoo Beaches (Tables 
3.48, 3.49, and 3.50).
In Table 3.48, the days flagged in red are those days in 2002 where the concentration 
of E. coli exceeded either the single-sample limit of 235 MPN/100 ml or the five-day 
GM of 126 MPN/100 ml. Days when the USEPA risk factor was eight or greater are 
highlighted in yellow. In 2002, at North Beach, there were five instances when the E. 
coli concentration exceeded allowable limits but the USEPA risk factor was less than 
eight, a Type I error in the context of this assessment of risk. There were no Type II 
errors. At Zoo Beach six Type I errors and one Type II error were committed in 
2001
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Table 3.48 -  Calculation o f USEPA risk factor at North and Zoo Beaches in 2002 as a function of the 
rolling five-day GM based on daily measurements of E. coli in compliance samples [GM = geometric 
mean (lag time represented by grey area on table), red = exceedence of USEPA single sample limit or 
five-day GM, yellow = USEPA risk factor exceeded]. [Abbreviated data, for entire data set see 
Appendix D]
Microbial Assessment of Racine Beaches - 2002
Date
North Beach 
E. coli MPN/100 ml
North Beach 
5-Day GM
USEPA 
Risk Factor Date
Zoo Beach 
E. coli 
MPN/100 ml
Zoo Beach 
5-Day GM
USEPA
Risk
Factor
6/3/02 106 6/3/2002 102
6M#2 1238 6/4/2002 12496
6#M2 1055 6/5/2002 1379
6/6/02 355 6/6/2002 637
6/7/02 6 195 10 6/7/2002 11 « 2 13
6/8/02 17 135 8 6/8/2002 41 343 12
7/9/02 1399 36 3 7/9/2002 1129 22 1
7/23/02 487 51 4 7/23/2002 558 50 4
7/26/02 117 72 6 7/26/2002 1917 101 7
7/27/02 46 177 9 7/27/2002 88 152 9
8/1/02 284 51 4 8/1/2002 88 16 0
8/6/02 188 54 5 8/6/2002 297 93 7
8#m2 689 71 6 8/9/2002 311 34 3
8/10/02 175 76 6 8/10/2002 622 54 5
131 144 9 8/13/2002 109 153 9
8/14/02 340 125 8 8/14/2002 558 172 9
8/22/02 261 59 5 8/22/2002 210 98 7
8/23/02 55 75 6 8/23/2002 81 115 8
In Table 3.49, the days flagged in red are those days in 2003 where the concentration 
of E. coli exceeded either the single-sample limit of 235 MPN/100 ml or the five-day 
GM of 126 MPN/100 ml. Days when the USEPA risk factor was eight or greater are 
highlighted in yellow. In 2003, at North Beach, there were seven instances when the 
E. coli concentration exceeded allowable limits but the USEPA risk factor was less 
than eight, a Type I error in the context of this assessment of risk. There were three 
Type II errors. At Zoo Beach seven Type I errors and one Type II error were 
committed in 2003.
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Table 3.49 -  Calculation o f USEPA risk factor at North and Zoo Beaches in 2003 as a function of the 
rolling five-day GM based on daily measurements o f E. coli in compliance samples [GM = geometric 
mean (lag time represented by grey area on table), red = exceedence of USEPA single sample limit or 
five-day GM, yellow = USEPA risk factor exceeded]. [Abbreviated data, for entire data set see 
Appendix D]
Microbial Assessment of Racine Beaches- 2003
Date
North Beach 
E. coli MPN/100 ml
North Beach 
5-Day GM
USEPA 
Risk Factor Date
Zoo Beach 
E. coli 
MPN/100 ml
Zoo Beach 
5-Day GM
USEPA
Risk
Factor
5/27/03 4 5/27/2003 2
5/28/03 6 5/28/2003 3
5/29/03 409 5/29/2003 281
5/30/03 12 5/30/2003 10
6/10/03 41 10 -2 6/10/2003 260 6 -4
6/12/03 34 30 2 6/12/2003 350 38 3
6/28/03 1683 29 2 6/28/2003 1 4 -6
7/4/03 1177 82 6 7/4/2003 1266 30 2
7/5/03 41 109 7 7/5/2003 10 32 2
7/6/03 196 145 9 7/6/2003 202 80 6
7/7/03 122 179 9 7/7/2003 274 154 9
7/8/03 117 168 9 7/8/2003 360 190 10
7/9/03 4 # 138 8 7/9/2003 215 134 8
7/10/03 37 136 8 7/10/2003 11 136 8
7/21/03 284 27 2 7/21/2003 56 36 3
7/22/03 343 35 3 7/22/2003 592 54 5
8/7/03 325 51 4 8/7/2003 46 16 0
8#M3 471 89 7 8/8/2003 682 26 2
8/9/03 186 117 8 8/9/2003 211 45 4
8nWM 21 121 8 8/10/2003 15 66 5
8/11/03 402 188 10 8/11/2003 439 134 8
8/12/03 353 191 10 8/12/2003 449 211 10
^UM3 37 115 8 8/13/2003 52 126 8
8/27/03 330 17 0 8/27/2003 471 16 0
8/28/03 16 20 0 8/28/2003 17 20 0
8/29/03 300 33 3 8/29/2003 487 36 3
In Table 3.50, the days flagged in red are those days in 2004 where the concentration 
ofE. coli exceeded either the single-sample limit of 235 MPN/100 ml or the five-day 
GM of 126 MPN/100 ml. Days when the USEPA risk factor was eight or greater are 
highlighted in yellow. In 2004, at North Beach, there were six instances when the E. 
coli concentration exceeded allowable limits but the USEPA risk factor was less than 
eight, a Type I error in the context of this assessment of risk. There were two 
instances when the USEPA factor exceeded eight but North Beach remained open, a
214
Type II error. At Zoo Beach seven Type I errors and no Type II errors were 
committed in 2004.
Table 3.50 -  Calculation of USEPA risk factor at North and Zoo Beaches in 2004 as a function o f the 
rolling five-day GM based on daily measurements o f E. coli in compliance samples [GM = geometric 
mean (lag time represented by grey area on table), red = exceedence of USEPA single sample limit or 
five-day GM, yellow = USEPA risk factor exceeded]. [Abbreviated data, for entire data set see 
Appendix D]
Microbial Assessment of Racine Beaches -  2004
Date
North Beach 
E. coli MPN/100 ml
North Beach 
5-Day GM USEPA Risk Factor Date
Zoo Beach 
E. coli 
MPN/100 ml
Zoo Beach 
5-Day GM
USEPA 
Risk Factor
5/27/04 20 5/27 20
5/28/04 63 5/28 85
6/1/04 41 6/1 20
6/2/04 41 6/2 10
6/17/04 389 26 2 6/17 3448 13 -1
6/24/04 272 29 2 6/24 97 12 -2
7/26/04 388 118 8 7/26 504 40 3
7/28/04 122 113 8 7/28 31 14 -1
7/29/04 495 157 9 7/29 441 23 1
7/30/04 161 150 9 7/30 183 66 5
7/31/04 521 159 9 7/31 591 68 5
426 293 11 8/1 441 231 10
8/2/04 221 330 12 8/2 74 274 11
8/3/04 1 95 7 8/3 1 81 6
8/4/04 24192 260 11 8/4 17329 202 10
8#Æ4 1017 297 12 8/5 605 203 10
8/6/04 122 231 10 8/6 63 137 8
8/7/04 295 245 11 8/7 86 142 8
8/8/04 231 728 15 8/8 233 421 13
8/9/04 1 97 7 8/9 52 132 8
8/ 11/04 699 86 6 8A1 581 143 9
8/ 17/04 836 30 2 8/17 1576 28 2
8/23/04 605 83 6 8/23 231 67 5
8/24/04 341 69 6 8/24 134 41 3
8/25/04 4352 141 8 8/25 1414 96 7
8/26/04 183 175 9 8/26 52 74 6
8 # ^ M 1 175 9 8/27 1 74 6
8#MW 472 167 9 8/30 63 57 5
8#MM 110 133 8 8/31 52 47 4
8/30/04 98 62 5 9/1 246 33 3
9/1 118 126 8 9/3 1 1 24 1
215
In this study, Type I errors could only be determined through retrospective analysis of 
the data since the test methodology employed for the determination of bacterial 
indicator concentration has an 18 hour incubation period. For example, on day one 
samples are collected at 1200 and analyzed at the laboratory at 1400. Bathing 
beaches are posted at 0800 on day two based on the results of analyses performed at 
1400 on day one. Beaches are re-sampled on day two at 1200 (the same day as they 
were posted based on day one’s results). On day three the results are read from day 
two. If results were elevated on day one, they would be posted on day two but day 
two’s results may be within acceptable limits which means that the advisory posted on 
day two did not match the results of the bacterial analysis (from day two).
Type II errors could only be identified through the determination of the USEPA risk 
factor (also retrospective due to its dependence on bacteriological analysis and a 
running five day GM). A value above eight would indicate that the risk of illness 
exceeded eight individuals per 1000 bathers, a level exceeding USEPA 
recommendations for full body contact.
3.3.3 Health Risk as Determined by the Annapolis Protocol.
3.3.3.1 Microbial assessment using E. coli (primary indicator).
Microbial indicator concentrations at each public bathing beach (North and Zoo 
Beaches) were summarized for each year of the study (2002 -  2004) (Table 3.51).
The values obtained for the median, mean, and 95* percentile reading differ 
substantially from one to another and the choice of statistical analysis with which
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determine the MAC, if adopted, would effect the initial categorization of the bathing 
beaches under the Annapolis Protocol. The median E. coli values for both bathing 
beaches remained well below 100 MPN/100 ml (17 -  90 MPN/100 ml) for all three 
years of the study which would indicate either excellent or good water quality.
Table 3.51 -  Results o f microbial indicator assessments at Racine, WI (2002 -  2004). [95* percentile 
calculated using the Hazen Percentile Calculator, www.mfe.govt.nz/issues/water/ hazen-percentile- 
calculator.xls, last accessed 16 January 2005]
Microbial Indicator Assessment -  Primary Indicator {E. coli MPN/100 ml)
Year 2002 2003 2004
Site North Zoo North Zoo North Zoo
Minimum 1 1 1 1 1 1
Maximum 1399 12,496 1683 1266 24192 17,329
Median 33 38 30 17 90 41
Mean 122 310 117 107 517 407
95“ % 638 1006 433 482 788 1252
The mean E. coli values had a much larger range (107-517 MPN/100 ml) which 
would have categorized the water quality as good, fair, or poor. The 95* percentile 
approach would present the worse case scenario with beaches classified as having 
fair, poor, or very poor water quality based solely on microbial assessment.
3.3.3.2 Sanitary surveys.
In order to assess the spatial distribution of E. coli and determine what potential 
sources of fecal contamination could adversely impact bathing water quality at the 
study site, comprehensive sanitary surveys were also conducted at both North and 
Zoo Beaches (Appendix B).
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3.3.3.2.1 North Beach. The environmental status of North Beach and the 
surrounding area was assessed for potential contamination sources based on the 
sanitary survey. North Beach is host to a variety of recreational activities (swimming, 
boating, angling, windsurfing and jet skiing). Toilets and showers are available for 
beach patrons. It is a sandy beach (98 per cent of total cover) with very little gravel 
(two per cent of total cover). The submerged surface of North Beach is also sandy, 
has a gradual slope and frequent sandbar formations. North Beach is maintained daily 
by a mechanical beach grooming machine during the swimming season (June - 
August). The manner in which the beach is maintained was changed in 2003 to 
reflect research indicating that certain practices may reduce bacterial indicator 
densities in foreshore sands (section 1.8.2.5.3).
North Beach is a roosting place for several hundred ring-billed and herring gulls. 
Canada geese and ducks are often present as well. Fecal material originating from 
waterfowl could contribute to poor recreational water quality at this site. Algal 
blooms occurred seasonally and were more fi-equent than in previous bathing seasons 
as noted by field personnel. An annual die-off of alewives, a small herring type fish, 
generally occurred in early June. City ordinances exist against walking dogs on the 
beach and prohibiting the feeding of seagulls and other waterfowl but violations were 
observed by field personnel as was the improper disposal of waste.
The proximity of the storm sewer outfall to the bathing beaches would imply a direct 
effect on water quality during rainfall events. The catch basin associated with storm 
drain empties approximately 400 acres of a mixed use (residential, business, and
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institutional) urban environment. Paved surfaces (roads, steps, car park) and a steep 
grassy slope abut the beach area and are potentially sources of surface run-off.
3.3.3.2.2 Zoo Beach. The environmental status of Zoo Beach and the surrounding 
area was assessed for potential contamination sources based on the sanitary survey. 
Zoo Beach is host to a variety of recreational activities (swimming, boating, angling, 
windsurfing and jet skiing). There are no toilets and showers available for patrons on 
the beach itself although there are toilet facilities at a nearby park (approximately 500 
m from beach). It is a sandy beach (90 per cent of total cover) with very little gravel 
(ten per cent of total cover). The submerged surface of Zoo Beach contains some 
gravel, has a steep slope and infrequent sandbars. Zoo Beach is maintained daily by a 
mechanical beach grooming machine during the swimming season (June - August). 
The manner in which the beach is maintained was changed in 2003 to reflect research 
indicating that certain practices may reduce bacterial indicator densities in foreshore 
sands (section 1.8.2.5.3).
Zoo Beach is a roosting place ring-billed and herring gulls, although to a lesser extent 
than North Beach. Fecal material originating from waterfowl could contribute to poor 
recreational water quality at this site. Algal blooms occurred seasonally and were 
more frequent during the study period than in previous bathing seasons as noted by 
field personnel. An annual die-off of alewives, a small herring type fish, generally 
occurred in early June. City ordinances exist against walking dogs on the beach and 
prohibiting the feeding of seagulls and other waterfowl but violations were observed 
by field personnel as was the improper disposal of waste.
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Zoo Beach is located at the base of a steep slope below the Racine Zoological 
Gardens (hence its name) but all grates located within the animal enclosures drain 
directly to the City of Racine sanitary sewer system discounting the zoo animals as a 
potential source of contamination. Landscape run-off from the steep wooded slope 
may contribute to poor water quality.
The potential sources of fecal contamination at both of Racine’s public bathing 
beaches as identified by the sanitary surveys and spatial distributions studies are 
summarized in Table 3.52.
Table 3.52 -  Summarization o f potential sources o f fecal contamination at North and Zoo Beaches,
Potential Fecal Influences Adversely Impactting Bathing Water Quality
North Beach Zoo Beach
Sources of 
Pollution
Ability to Impact Ability to Impact
Yes No Yes No
cso/sso X X
Run-off X X
Riverine X X
Storm Drains X X
Bathers X X
Non-human X X
3.3.3.S Microbial Assessment using C perfringens (secondary indicator). The
Annapolis Protocol recommends an initial microbial assessment using primary 
indicators, in the case of temperate fresh water the organism would be E. coli. Since 
high levels of this bacterial indicator organism were recovered from foreshore beach 
sands, an identified potential contamination source, a pilot study was conducted in 
2004 to determine if there was secondary indicator presence, i.e. Clostridium 
perfringens, as well. Six sediment sampling events of 12 isolates each occurred at 
North Beach during August 2004 and two groundwater sampling events with three 
isolates each occurred at Zoo Beach during September 2004 (Tables 3.53 and 3.54).
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Table 3.53 -  Concentration o f confirmed Clostridium perfringens isolates in foreshore sand (2004). 
[BC = berm crest, M = midpoint between berm crest and lifeguard stand, LFGS = lifeguard stand]
Clostridium perfringens Isolates in Foreshore Sand -  North Beach
Site
Number of Confirmed Isolates by Date
8-12-04 8-16-04 8-17-04 8-18-04 8-19-04 8-26-04
N1 BC 0 1 0 0 0 0
N IM 0 2 0 0 0 0
N1 LFGS 0 1 7 250 6 0
N2BC 0 0 0 1 0 0
N2M 0 0 1 0 0 0
N2 LFGS 0 1 7 1 2 0
N3BC 0 6 0 0 1 2
N3M 0 4 7 0 1 0
N3 LFGS 0 0 0 0 38 10
N4BC 0 0 3 0 2 0
N4M 0 1 2 2 1 2
N4 LFGS 0 0 7 14 33 0
Table 3.54 -  Concentration o f confirmed Clostridium perfringens isolates from groundwater by 
location and date, Zoo Beach (2004).
Clostridium perfringens Isolates in Groundwater -  Zoo Beach
Site
Number of Confirmed Isolates by Date
9-3-04 9-7-04
N 0 0
El 0 0
E2 0 0
There were only three instances where the number of confirmed Clostridium 
perfringens isolates exceeded ten colonies per sediment core and there were no 
confirmed isolates from groundwater. Further studies, to be conducted in 2005, will 
seek to assess the prevalence of secondary indicators at the study site and to determine 
whether their source is likely to be human in nature.
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CH APTER 4 - DISCUSSIO N
Levels of micro-organisms can vary dramatically based on changes occurring at the 
local level such as precipitation, a change in wind direction, or a number of other 
potential factors (Pfister 2002, Haack 2003a, Crowther et al 2004, Parkhurst et al 
2005, Sampson et al 2005). Samples collected as part of a compliance monitoring 
program only reflect the quality of the bathing water at a single point and at a single 
instant in time (Whitman and Nevers 2004a). This rapid change in respect to 
environmental events could indicate that the sources of bacterial contamination are 
not human in nature and may, therefore, represent a decreased health risk to bathers. 
The ability to pinpoint when and how these changes occur, and whether or not they 
are the result of an influx of sewage (CSO or SSO) would be of value to local 
authorities in implementing best management practices and remediation approaches 
as well as in assessing what monitoring protocols would be most site appropriate.
A variety of potential contamination sources were characterized in Racine, WI using 
the sample collection and analytical testing schemes defined in the Material and 
Methods section of this thesis (Chapter 2). A discussion of the results, presented 
within this section, represents an attempt to improve the current monitoring scheme 
(choice of indicator, test method, time of sampling and how to best maximize 
coverage while remaining within the budget of the local authority), determine sources 
of contamination (storm water, surface water, boaters, bathers, sediments, surface run­
off, groundwater and algae), and correlate this information to environmental 
parameters (wind direction, wave height, precipitation, surface water temperature, 
presence/absence of animal life).
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4.1 Choice of Indicator Organism and Test Methodology
4.1.1 Choosing either E. coli or enterococci as the primary indicator for  
microbial assessment
Previously established QA/QC protocols at the Racine Health Department required an 
R^ > 0.85 (85 per cent agreement in variability) in order for methods to be considered 
equivalent or interchangeable for the purpose of primary indicator quantification. In 
the 2002 study correlation between E. coli and enterococci, when used as indicators of 
bathing water quality, occurred approximately 56 per cent of the time (R  ^= 0.56), 
well below the pre-established cut-off value. Further testing was conducted to 
determine whether this disparity arose as result of the inability of the indicators to 
accurately detect influxes of recent fecal contamination to surface waters with equal 
reliability or whether it was due to bias on the part of the method employed for 
quantification of these micro-organisms.
When comparing the results of IDEXX Enterolert® to traditional membrane filtration 
methods on to plated mEI agar for the recovery of enterococci in split samples, the 
correlation was again approximately 50 per cent (R^ = 0.54). It was determined that 
this lack of correlation was due, at least in part, to discrepancies in test interpretation 
when using IDEXX Enterolert® for the determination of enterococci firom fresh 
water. The Enterolert® package insert, provided by the manufacturer, states that any 
blue fluorescence be considered a positive reaction. In actuality there were varying 
degrees of fluorescence noted when counting test wells and the confirmatory rate 
varied with the intensity of fluorescence with maximally fluorescencing wells having
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a greater verification rate (90.0 per cent) than those wells exhibiting lesser degrees of 
fluorescence (60.0 per cent).
The manufacturer further states that the following species of enterococci can be 
detected using Enterolert®: E.faecalis, E.faecium, E. avium, E. gallinarum, E. 
casseflavis, and E. durans [Online, www.idexx.com, last accessed May 2003]. These 
species are detectable down to one organism per 100 ml of water. At this level of 
sensitivity it is possible that other organisms which have biochemical make-ups 
similar to enterococci and are present in water and soils may be responsible for the 
false positives reactions although the Enterolert® package insert currently contains no 
information regarding these organisms. During the course of this study, foreshore 
beach sands were determined to contain relatively elevated levels of both enterococci 
and E. coli (when gauged against published standards for single sample limits in 
surface water). Since these sediments present an environmental niche for these 
bacterial indicator organisms they may very well harbor other micro-organisms of 
similar biochemical make-up which could have been detected by the Enterolert® test 
system since the disparity between both the indicators and testing methods tended to 
occur as a result of an overestimation of bacterial organisms on the part of the DST. 
Caution, then, should be exercised in the interpretation of enterococci recovered from 
fresh surface water samples using DST until investigators can demonstrate that 
autochthonous environmental organisms are not significantly contributing to the 
overall recovery of micro-organisms utilizing this media.
As a result of these findings, supported by previous research (Kinzelman et al 2003a), 
it was determined that the use of enterococci as determined by DST was not
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necessarily a more reliable indicator for gauging bathing water quality (Medema et al 
1997, Coughlin 2001, Noble 2003). A lack of E. coli and enterococci in foreshore 
and submerged sands would have substantiated the ability of either of these indicator 
organisms to provide a true assessment of risk (by solely detecting recent influxes 
rather than detecting potentially additive concentrations related to their environmental 
presence) (Kinzelman et al 2003a). Due to the aforementioned drawbacks associated 
with the detection of enterococci and a lack of another approved indicator, more 
discriminatory of bathing water quality, E. coli was the bacterium of choice used for 
compliance monitoring as well as the target organism for the spatial distribution 
studies (recognizing that E. coli, as an indicator, is not without fault).
4.1.2 Choosing an Isolation Method for E. coli -  Plated m-TEC Agar or 
Defined Substrate Technology
Although problems existed in the quantification of enterococci using DST, the 
IDEXX chemical detection (defined substrate) method was determined to be an 
acceptable alternative to the traditional membrane filtration technique using m-TEC 
agar for monitoring E. coli levels in freshwater recreational areas based on the results 
of a two-year study in Racine (Kinzelman et al 2000, Kinzelman et al 2005a) and 
elsewhere (Eckner 1998, Francy and Damer 2000). In the determination of E. coli, no 
significant difference was found between the results using these two methods. In 
addition, none of the contraindications regarding use of this product, as noted by some 
marine water researchers (Pisciotta et al 2002) were found in this freshwater study. 
Therefore, this application was found to be appropriate for research purposes. 
Traditional membrane filtration tests on to plated agar can be labor intensive, 
requiring 24 or more hours for a confirmed result (Brenner and Rankin 1990, Fricker
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et al 1996). The ease of use (the addition of a reagent sachet to an aliquot of water) 
and interpretation with DST allowed for frequent surface water testing with results 
available within a relatively short amount of time (18 hours, Colilert-18®).
IDEXX defined substrate tests (Colilert, Colilert-18, and Enterolert®) have recently 
been approved for ambient water testing {U.S. Federal Register - 40 CFR Part 136 
Vol. 68, No. 139, August 2003). For US purposes, the adoption of IDEXX Colilert- 
18® for the detection of E. coli, will reduce both the time and technical expertise of 
the personnel necessary to monitor bathing beaches (Francy and Damer 2000) while 
protecting the public from transmissible diseases and fully complying with the 
USEPA BEACH Act. Specific advantages of the IDEXX 18-hour method include 
minimal labor costs and training, ease of use, ease of interpretation, and more rapid 
availability of confirmed results (18 hours versus one or more days). Although not yet 
approved for ambient water testing in the most current WHO and EU Bathing Water 
Directive guidelines, IDEXX products may be of interest to non-US agencies and 
communities who need to routinely monitor bathing beaches for public health.
Current non-US testing schemes require several days before confirmed laboratory 
results are received by the persons or agencies responsible for the compliance 
monitoring of bathing waters. This results in an assessment of health risk that is days 
old at best, potentially exposing many more individuals to hazardous conditions and 
making re-sampling ineffectual. Real-time analysis (less than eight hours), or as close 
to real-time as possible with current testing technologies, is necessary to ensure the 
accurate detection of influxes of fecal contamination, which when coupled with 
sanitary surveys could improve real-time action to prevent exposure. DST has the 
advantage of a decreased analysis time and, because of its ease of use and
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inteipretation, has the potential to be used on site, eliminating the need for transport to 
centralized testing laboratories.
4.1.3 Temporal Variation o f E. coli in Surface Water
An initial analysis of temporal variation (samples collected at 0900 versus 1200) 
conducted in 2002 demonstrated potentially significant differences in the density of E. 
coli recovered from early morning versus midday samples with the mean afternoon E. 
coli concentration being 48.5 per cent lower than in early morning samples. Due to 
the rather short duration of the initial investigation another study was conducted in 
2004. Although temporal variation has been demonstrated to influence estimations of 
bathing water quality in the Great Lakes (Whitman et al 2004b) and elsewhere 
(Sherry 1986, Obiri-Danso et al 1999, Crowther et al 2001), no significant difference 
occurred with respect to temporal variation in Racine although the range of bacterial 
density was as much as an order of magnitude greater in early morning samples. 
Despite the lack of significance with regard to mean E. coli density, no correlation 
existed between the density of E. coli recovered from early morning and midday 
samples indicating that rapid fluctuations in the concentration of this indicator 
organism were occurring at the study site. Based on similar results Wymer (2004) 
recommend that bathing water continue to be monitored twice daily in order to 
calibrate a model that can distinguish between morning and afternoon conditions as a 
tactic that may lead to an improved early warning system for beach 
closures/advisories {USEPA National Beaches Conference, October 2004). If this 
scenario is not possible it is recommended that sampling occur during periods of peak
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bather density in order to assess the indicator concentration when the greatest 
numbers of bathers are potentially exposed (Wymer 2004).
4.1.4 Composite Sampling to Maximize Spatial Coverage o f Bathing 
Waters
It is desirable to increase spatial coverage when compliance monitoring in order to 
increase sampling reliability. One way to accomplish this task is to collect and 
analyze multiple samples at fixed intervals along the entire length of the bathing 
beach (Griffith and Schiff 2005). This could prove a costly endeavor for large 
bathing beaches. Another alternative would be to collect multiple compliance samples 
along the length of the bathing beach but to pool them and conduct only a single 
laboratory analysis. The City of Racine has two public bathing beaches, each several 
hundred meters in length (Appendix E) and a limited budget for compliance 
monitoring. In order to maximize the spatial coverage of their monitoring at the 
bathing beaches, the use of composite sample analysis was investigated.
As conducted in this surface water study and other environmental testing scenarios 
(Orban et al 1994, Carson 2001, Correll 2001), composite sampling appeared to have 
a simple 1:1 ratio with the arithmetic average of single samples. In Racine, four 
surface water samples at North Beach or three surface water samples at Zoo Beach 
were combined to form a single composite sample. Correlation, on the order of 77 
and 79 per cent, was also noted when comparing composite samples to the daily 
geometric mean of the individual samples collected at North and Zoo Beaches 
respectively. Having stated that, there were a small number of cases in the study (12 
out of a total 135 observations) when composite sample analysis would have triggered
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a Type II error, i.e. the composited sample yielded a result below the 235 MPN/lOOml 
threshold and one or more of the sub-sample results (single sample values) exceeded 
the 235 MPN/100 ml threshold.
It could be argued that, on such occasions, the composite sampling process is masking 
a result that could, under certain circumstances, pose a potential health risk to bathers. 
However, this must be viewed in the context of the reliability of the total sampling 
process. Basing pass/fail criteria on single samples taken one or more days apart -  the 
current process - is an imprecise process due to the extreme variability between 
sampling events. The concentration of bacterial indicator organisms do not remain in 
a static condition over time and the greater the period of time between sampling 
events the more likely the variability in concentration. During the course of this study 
it was noted that levels oîE. coli could fluctuate dramatically (sometimes within a 
matter of hours) based on a change in environmental conditions such as a rainfall 
event or a change in wind vector which initiated an increase in wave action. In fact, 
levels of bacterial indicators were observed to increase as much as an order of 
magnitude within as little as three hours and, therefore, the likelihood of a single 
elevated result being truly representative of bathing water quality across an entire 
beach is extremely small.
Of course there are issues that should be taken into consideration prior to initiating a 
monitoring program based on composite sampling. First, sample integrity must be 
maintained throughout the entire process. If the integrity of the individual samples 
would change because of compositing, then composite sampling may not be the most 
suitable approach. This phenomenon has been noted when sampling volatile
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chemicals or other unstable variables (Bartram and Balance 1996, Balogh et al 1998) 
but was not observed when using microbial indicators of fecal contamination during 
the course of this study.
Of second concern is sample heterogeneity. A sample should be thoroughly mixed 
prior to obtaining an aliquot for inclusion in a composite sample. The practice can be 
accomplished manually with vigorous shaking (APHA 1992) and is useful when the 
distribution of contaminants is expected or known to be random or the variability is 
expected or known to be low (Gamer et al 1998). By pooling and mixing samples, 
the concentration estimates obtained ideally represent the average concentrations in 
the area sampled (Gilbert 1997), and are more likely to be normally distributed than 
estimates obtained by discrete samples (Exner et al 1985).
Lastly, and maybe posing a greater risk when compositing bathing water samples, is 
the potential for false negative results. Dilution effects, where an individual sample 
with a high concentration is combined with those of low concentration, could 
potentially result in a composite sample that falsely tests negative, a Type II error 
(Exner et al 1985). Although this effect has been noted when compositing soil 
samples (Aichberger and Back 2001), it may be attributed to the persistence of 
contaminants within that particular media and not be applicable to a water 
environment due to the nature of its composition. For example, while an elevated 
concentration or “hot spot” found at a sampling location in soil is likely to persist over 
time, a single, localized exceedence of published criteria for bacterial indicators is 
unlikely to remain static. When poor water quality is generally persistent over an area 
for a length of time, this defines the location as an area of concern and samples from
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these locations should not be composited with other samples, i.e. a site influenced by 
CSO or SSO events. To rule out areas of concern, the validity of composite sampling 
must be determined prior to using this testing scheme by a thorough examination of 
historic sampling data. Composite sampling should not be used if it results in the 
masking of areas of concern. In Racine, as with others (Gore and Patil 1994, Patil 
1995) the issue of potential “hotspots" was addressed by forming the composite 
sample from samples taken at contiguous locations in conjunction with a retrospective 
analysis of historical data indicating that there was no signiflcant difference in mean 
indicator density over the course of the three (Zoo Beach, Z1-Z3) or four (North 
Beach, N1-N4) fixed sampling points.
When there are no identifiable, persistent, areas of elevated counts the exceedence of 
a single sample may merely represent random variability. In this instance, that of a 
random exceedence, the effects of compositing are predictable based on the 
assumption that the samples are well mixed (sample homogeneity). When a fraction 
of the total volume is sub-sampled to form a composite sample, the effect that this has 
on variability can be deduced by considering the random volume sub-sampled as a 
fraction of the volume that would have been individually assayed. In this study, three 
(Z1 -  Z3) or four (N1 -  N4) samples were composited which translates to 
approximately one or two or cent of the total volume of each sample becoming part of 
the composite (roughly a 2.5 - 3.3 ml sub-sample out of a 200-ml total volume). In 
this study, log variances did not differ significantly from that of the single sample 
averages.
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The process of compositing samples is a step towards obtaining the best possible 
characterisation of mean indicator density, which in turn will provide a better 
illustration of the likelihood and magnitude of any significant elevation above normal 
background levels. Compositing should encourage more sampling to take place, 
while maintaining manageable costs, thereby producing a more reliable estimate of 
mean indicator density and simultaneously increasing the chance of detecting results 
that fall outside the expected range. Regulatory programs that require a large number 
of samples to be analyzed could benefit from the adoption of this approach as a means 
to reduce the costs associated with recreational water quality assessment and studies 
regarding the upper limit of the number of sub-samples that could reliably be 
composited are ongoing.
Compositing as performed in this study, appeared to introduce neither bias nor 
additional variability into the monitoring results and stands as a reasonable alternative 
to data sets derived from single-sample methods. The use of a composite sampling 
scheme maximized spatial coverage in order to provide evidence of predictable 
pollution events and provide evidence for management intervention.
In May 2003, WI became one of the first states to fully implement the USEPA 
BEACH Act with regard to recreational water quality programs. All municipalities in 
the state with designated swimming beaches on Lake Michigan and Lake Superior 
were required to monitor recreational water quality using an E. coli standard. The 
choice of E. coli for compliance (over enterococci, both are USEPA approved 
indicators for fresh water) was based on information in the most recent edition of 
Standard Methods fo r  the Examination o f Water and Wastewater (Clesceri et al.
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1998) stating that this organism is the best indicator of fresh water surface water 
quality. Although enterococci are also recommended as suitable indicators (USEPA 
1986, Clesceri et al 1998) the results of this study and others showed an increase in 
water quality standard failures in the absence any identifiable source of human 
contamination (Kinzelman et al 2003, Noble et al 2003c). Observations in Racine, 
regarding the behavior of E. coli and enterococci in the environment and their 
quantification by currently available test methodologies, reinforced the decision to 
accept E. coli as the primary indicator for the microbiological assessment of bathing 
waters (Kinzelman et al 2003a, Kinzelman et al 2004a).
The frequency of testing under the USEPA BEACH Act (number of days per week 
samples will be collected) is based on previous counts of bather density and uses the 
designations low (determined by state and local authorities; either once weekly or five 
times within a 30 day period), medium (twice per week), and high (five days per 
week) priority. The number of samples collected per Lake Michigan beach, as in 
Racine, was additionally based on shoreline length (i.e. one sample per every 500 
meters of shoreline) (Toni Glymph, WI DNR - personal communication). Increased 
costs will be associated with the implementation of compliance monitoring programs 
and/or increased frequency of testing in existing programs. Efficient and cost- 
effective sampling (composite sample analysis) and testing schemes (DST) will 
encourage compliance as well as ensuring the protection of public health.
4.2 Spatial Distribution of E, coli at the Bathing Beaches and in the 
Surrounding Environment (Identifying Potential Pollution Sources)
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Compliance monitoring alone, without the benefit of identifying the sources of 
contamination, will not reduce the risk of exposure at public bathing beaches. The 
performance of comprehensive spatial distribution studies may aid in the detection 
and correction of direct and indirect sources of fecal contamination (Boehm et al 
2003, Noble et al 2003a). Potential sources of contamination were identified in 
Racine through the use of sanitary surveys augmented by daily notations regarding 
field observations of environmental parameters.
4.2.1 Identifying Potential Point Sources o f Pollution (Storm Water, Root 
River, Boaters and Bathers)
4.2.1.1 Impacts of storm water discharge. Prior to re-engineering, the English Street 
storm sewer outfall emptied directly onto beach sands and laboratory studies 
conducted by the Racine Health Department indicated it was a significant point source 
contributor of bacterial contamination to the adjacent surface water (laboratory 
records, Racine Health Department Laboratory, Racine, WI). Levels of bacterial 
indicators (with and without rainfall) in the thousands were frequently noted as was 
the influence on adjacent compliance monitoring sites. The engineering controls 
initiated during the autumn of 2001 were completed in 2003 (Introduction, section
1.8.2.5.1). Following completion, monitoring occurred at this site to determine the 
efficacy of engineering measures in conjunction with new sanitary surveys performed 
at both North and Zoo Beaches. Results from these surveys demonstrated that 
although this site is functioning within expected parameters according to the initial 
design (diverting first flush storm water to a series of infiltration/evaporation beds) 
and providing a reduction in the amount of E. coli discharged to Lake Michigan it still 
has the potential to adversely affect bathing water quality during periods of peak flow.
234
Other potential adverse impacts may occur when standing water from the plunge 
pools is exchanged with Lake Michigan surface water as a result of wave action or 
changing lake levels.
4.2.1.2 Root River and bacterial burden. Pathogen episodes in lakes are often 
associated with rainfall events and riverine inflow can be considered a major source 
of these pathogens (Brooks et al 2004). The Root River originates west of the City of 
Racine and empties into Lake Michigan approximately 1.6 km south of North Beach. 
The contribution of microbial indicators from grazing and farming activities has been 
well documented (Bryan and Pike 1990, Hunter et al 1999, Vinten et al 2004) and the 
Root-Pike River watershed remains approximately 60 per cent agricultural. Seven 
points were monitored weekly along the Root River during the bathing season starting 
upstream and continuing to the mouth of the river. Those sampling points generally 
associated with the highest levels of bacterial indicators are adjacent to urban storm 
water drains rather than agricultural areas. The level of bacterial indicator organisms 
recovered from the sampling point at the mouth of the river was consistently lower 
than other riverine sites indicating that the river tends to act as a sink rather than a 
source of contamination from storm water drains emptying into it. The high levels of 
E. coli in the vicinity of storm drains indicate a strong anthropogenic effect (Aslan- 
Yihnaz et al 2004) and may be the result of breakdowns in infrastructure or 
maintenance which needs to be examined as some pluming was noted in the offshore 
spatial distribution study as a result antecedent rainfall (1.6 cm).
It may be hypothesized that the pluming, while noted, had little impact on bathing 
water quality at the public beaches due to the fact that the wind originated from a
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southwest direction at a moderate speed (20 kmph) which caused the plume from the 
Root River to be directed away from the shoreline. This hypothesis is supported by 
the fact that 83 per cent of samples from sites one through ten (collected by boat), 
located to the west and slightly south of the Root River mouth, were elevated after the 
rain event. Samples collected along the break water and parallel to the coast (11 -  23) 
had less E. coli (61 per cent) than in the pre-rainfall samples. Although pluming from 
the Root River has the potential to affect bathing water quality when environmental 
conditions produce onshore winds it did not seem to have an influence during this 
event. There was no evidence of bacterial contributions from surrounding 
communities. The concentration of E. coli in pre- and post-rainfall samples, collected 
at points most distant from shore (that area most likely to be influenced by within lake 
circulation patterns) did not increase significantly.
4.2.1.3 Onboard boater waste as a potential source of contamination. In 2003 a 
survey was conducted to determine the potential impact of boaters (direct 
anthropogenic factor) on recreational water quality. Operators from all area marinas 
were surveyed as to the number of boat slips they possessed and whether or not they 
had sanitary waste disposal facilities. Racine has a total of 1305 available boat slips at 
six marinas along the Root River and Lake Michigan. In 2003, 63 per cent or 823 of 
these were utilized. The availability of two low cost, operational pumping stations 
(-$7.00 USD per pumping event regardless of volume), current design of sanitary 
storage systems (Main Marine and Ski - personal communication) and stringent laws 
regarding discharging into the open waters made the boaters an unlikely source of 
frequent contamination in this area. An annual review of these practices would 
provide assurance that these conditions are continually met.
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4.2.1.4 Potential for bathers to impact surface water quality. The number of 
bathers at North Beach has increased over the course of this study but they are not 
present in excessive numbers (i.e. the conditions are not crowded), there is high 
dilution, and the adequate toilet facilities present would discount them as a major 
contamination source and, therefore, risk potential to human health through exposure 
to sewage from other bathers would appear to be very low. However, bathing is a 
shared experience, even in these circumstances, and the infective dose for some 
bacterial pathogens such as Shigella and viruses is very low (10  ^organisms) making 
the hazard of transmissible waterborne disease a reality even under the most favorable 
conditions. Therefore, bathers can never be entirely discounted as a source of 
contamination (CDC, http ://www.cdc. gov/healthvswimming/how.htm. 19 May 2005).
4.2.2 Identifying Potential Non-point Sources o f Pollution (sands, surface 
run-off, groundwater, algae)
4.2.2.1 Beach sands as a source oiE , coli, Kinzelman et al (2003) compared E. coli 
levels in foreshore and submerged sand versus surface water at the four regulatory 
bathing water monitoring points on North Beach (N1 -  N4). The mean of all 
foreshore sand samples was approximately an order of magnitude higher than that of 
either the surface water or submerged sand samples. Although concentrations oîE. 
coli would be expected to be lower in surface waters versus foreshore sands due to 
dilution effects, the concentration of bacteria recovered from foreshore sands was 
sufficiently high to be considered a significant non-point source of fecal pollution 
(Kinzelman et al. 2004). These findings were duplicated in 2002 and are consistent 
with other studies of E. coli loads in sediments and sands (Desmarais et al. 2002). The
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higher concentration of E. coli in foreshore sands minimized the resuspension of E. 
coli associated with submerged sediments as a primary source of contamination.
In 2003, sediments adjacent to the redesigned English St. storm drain were collected 
once monthly to determine if the density of E. coli was greater in beach sands 
receiving storm water discharge than those in the surrounding beach area. The 
amount of bacteria recovered from these sediments did not differ significantly from 
foreshore sand samples collected in previous years at the bathing beaches. Therefore, 
even though the storm drain discharged water containing considerable amounts of&  
coli to beach sands at this site, contributions from these sediments appeared to be no 
greater than from those in the surrounding beach area
In the subsequent years of the study (2003 and 2004) the distribution of E. coli across 
beach transects N1 -  N4 (south to north) and laterally (east to west) was examined. 
The distribution across beach transects remained fairly constant throughout the course 
of the study although late in 2004 there was a significant difference in E. coli 
distribution at transect N3 where the density of E. coli in core sediments was 
significantly higher than at sites N1 and N2. A high average number of ring-billed 
and herring gulls, may have contributed to the overall increased density of E. coli 
recovered from foreshore sands at site N3 in 2004 (Results, section 3.2.1.1.6) (Jones 
and Obiri-Danso 1999, Levesque et al 2000, Fogarty et al 2003). In a 2002 study 
PCR patterns from foreshore sand E. coli isolates closely resembled patterns 
associated with flocks of seagulls (Kinzelman, et al 2004a). Further host source 
studies will elucidate this relationship and conclusions regarding the contribution of 
gulls to the number of annual bathing water quality advisories can then be made.
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Laterally, the concentration of E. coli was greatest in the area extending from the 
berm crest to the area where the lifeguard stands were located, approximately 60 m 
from the shore. Within this area the highest levels of E. coli were noted 30 -  60 m 
from shore, an area that remained almost entirely hydrated throughout the entire 2004 
bathing season due to the development of a depression capable of retaining moisture 
and running parallel to the shoreline for the entire length of North Beach. The vertical 
distribution of E. coli was examined within the depression. At the three sites which 
were uniformly wetted (as opposed to sand cores which were dry in the uppermost 
sections and wet near the water table) there variation in the concentration of E. coli 
throughout the core sample (sometimes near the surface and at other times near the 
water table). The other site, N2 -  LFGS, was dry in appearance at the surface but 
uniformly wetted at a depth of 25-cm below the surface of the sand. In this instance it 
appears that the deeper, moist area acted as a wick to draw the bacteria down towards 
the water table. Anecdotally, this area was also most likely to be subjected to wave 
action. The influence of E. coli originating from near shore sediments could be seen in 
both dry and wet weather events where water, either as surface run-off or as a result 
of waves breaking on shore, acted as a mechanism of transport to convey bacteria to 
surface water. Adjusting the grade or slope of the beach may prevent or lessen the 
impacts of standing water on bathing water quality.
In 2004, sediment samples were also collected to determine what influence, if  any, E. 
coli content in backshore sediments, strongly influenced by impervious surface run­
off from the adjacent parking lot, plays in influencing surface water quality (McLellan 
2004). While the density o f E. coli increased in backshore sands within one meter of 
the retaining wall after a rain event, the width of the beach (~ 200 m) appeared to
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provide an effective barrier, preventing impervious surface run-off from directly 
impacting the water column.
4.2.2.2 Surface run-off as a source oiE . coli. Run-off, to varying degrees, occurs at 
the study site during rainfall events (based on the amount and duration of 
precipitation). The influence of impervious surface run-off (run-off originating from 
paved surfaces) was examined as a function of distance from the shore. Although 
elevated levels of E. coli were noted in backshore sands, the predominant 
concentration of microbial indicators remained in the near shore area indicating that 
the width of the beach (~ 200 m) was sufficient to act as a buffer from impervious 
surface contributions.
Run-off also occurred directly on beach sands as result of the slope or grade of the 
terrain at the study site. After heavy rainfall events there was frequent evidence of 
beach sand erosion indicating that the flow rate was sufficient to channelize beach 
sands. Therefore it is plausible that contaminants may be transported overland to 
surface water via this route (Aim et al 2003, Whitman and Nevers 2003a, WHO 2003, 
McLellan 2004). Samples were collected in 2004 to determine bacterial indicator 
organism concentration in surface run-off which was being transported to surface 
water. The concentration of E. coli from direct sand surface run-off ranged from 96 -  
5794 MPN/100 ml on four rainfall events. A visual inspection also revealed that 
direct surface run-off was contributing to the stream of water exiting from the storm 
water bypass site and the terminal end of the infiltration/evaporation bed.
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4.2.2.3 Association of E, coli and enterococci to algae. Certain species of 
filamentous algae, such as Cladophora, have been implicated as potential reservoirs 
or points of attachment for bacterial indicator organisms and possibly pathogens 
(Byappanahalli et al 2003b, Whitman et al 2003b). In 2004 the concentration of 
bacterial indicators was examined in submerged, floating, and stranded algal mats (all 
identified as Cladophora). The concentration of E. coli ranged in the hundreds to 
thousands of colony forming units per gram weight of algae on almost all occasions 
with levels of enterococci frequently exceeding recommended single sample limits as 
well (based on water quality criteria). Although the levels of bacterial indicators were 
extremely high within the algal mats there was not a significant association between 
the presence of algae noted at the bathing beach and the concentration of E. coli in 
surface waters collected at the same time. Neither was there an increase in the 
frequency of bathing water quality failures when large amounts of stranded or 
submerged algal mats were noted.
On one instance during this study it was noted that when surface water E. coli was not 
detected, algal mats were negative for E. coli as well. Conversely, when E. coli levels 
were elevated, there was also a significant bacterial presence noted on plant material.
4.2.2.4 Groundwater assessment for surface run-off infiltration. An assessment of 
groundwater was initiated in 2003. Piezometers were placed at differing depths in 
two locations adjacent to a storm water detention area running parallel to the 
shoreline. Groundwater was sampled on a weekly basis. The fact that no bacterial 
indicator organisms were recovered from these two sites discounts seepage from these 
beds as a likely source of contamination. Additional sites were investigated in 2004.
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These sites were located at the base of a steep slope directly below the Racine 
Zoological Gardens where there was direct visual evidence of surface run-off entering 
Lake Michigan. When surface run-off was present the level of E. coli was increased, 
at times surpassing the USEPA single sample limit o f235 MPN/100 ml. An 
examination of groundwater for Clostridium perfringens, a secondary indicator of 
human and various animal sources of fecal contamination, revealed that when 
bacterial indicator levels were elevated this anaerobic organism could also be detected 
(Ferguson et al 1996, Leeming et al 1998). When bacterial indicator levels fell 
[resulting from less precipitation and an increase in distance to the water table (1.0 m 
vs. 2.0 m)] and eventually became non-detectable there was no evidence of 
Clostridium spp. indicating that the beach sands were acting as an effective filter of 
microbial organisms.
4.2.2.S Correlating spatial distribution (of E, coli) to environmental parameters
Once the spatial distribution of indicator bacteria has been identified it is important to 
determine probable mechanisms of transport for the delivery of these micro­
organisms to bathing waters. In previous studies at this site, a significant correlation 
was identified between present day surface water E. coli concentration and wave 
height with the second best predictor being wind direction including vector east 
(Kinzelman et al 2004a). This suggests that when waves are high, they have the 
ability to draw quantities of microorganisms into the water from foreshore beach 
sands. This phenomenon (the transport of micro-organisms to surface waters via 
wave action) is enhanced when coupled with winds originating from an easterly 
direction (on shore). This predictive model did not give an advantage in time over 
actually reading the microbiological plates because it included the current day’s E.
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coli count. Even so, it did provide an important insight into one mechanism by which 
non-point source pollution could be loaded from foreshore sands to recreational 
waters.
These two environmental parameters (wave height and wind direction), in addition to 
precipitation and surface water temperature, were examined for their relationship to 
bathing water quality failures resulting from elevated levels of E. coli.
4.3 Relationship of Bathing Water Quality Failures to Environmental 
Parameters
The relationship of E. coli concentration to wave height was confirmed during the 
course of this study. Of the 144 incidences of bathing water quality failures, 119 or 83 
per cent were associated with waves of 0.3 m or greater. Using 2004 as an example, 
indicator bacteria levels were frequently influenced (increased) by wave height (R  ^
=0.47, r = .68). During this year of the study there were 22 incidences of poor 
bathing water quality; of these 50 per cent (11) resulted from waves visually 
estimated to be in excess of 0.3 m.
An increase in the number of days including wind vector east also resulted in an 
increase in the number of days with bathing water quality failures in two of the three 
years of the study. Of the 144 incidences of bathing water quality, 70 or 49 per cent 
occurred on days when the wind vector was or included east (90 degrees)
Precipitation can be a major mechanism of transport for the delivery of micro­
organisms to surface water systems (Curriero et al 2001). Precipitation initiates storm
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water discharge and in some cases, if  of sufficient volume in communities without 
separated systems, combined sewer overflows (storm water blended with partially 
treated or untreated sewage) (Aslan-Yilmaz et al 2004). Beaches that are downstream 
fi*om rivers and storm drains can be strongly influenced by the outpouring of bacteria 
during storms events and the resulting high concentrations could persist for a very 
long time (hours/days) (Olyphant, USEPA National Beaches Conference, October 
2004). In Racine the storm drain emptying into Lake Michigan can directly impact 
surface water quality at the bathing beaches after heavy rainfall events if the 
appropriate set of environmental conditions occur. For example. North Beach is 
located directly to the south of the storm water outlet. If winds were to shift from a 
southerly to a northerly direction the bacteria laden storm water would drift with 
nearshore currents towards the bathing beach given an appropriate lag in time.
Although direct, adverse impacts on surface water quality were seen as a result of 
precipitation (62 or 43 per cent of the total number of bathing water quality failures 
followed some amount of precipitation) there was no direct correlation between the 
amount of precipitation received in any given month and the number of bathing water 
quality failures within the same month. Additionally, there was no correlation 
between the seasonal number of bathing water quality failures and the seasonal 
precipitation. Using 2004 as an example, there were 22 incidences of poor bathing 
water quality; of these 46 per cent (ten) followed a rainfall event.
Some researchers have included surface water temperature in predictive models which 
use real-time environmental parameters to predict the condition of the surface water 
prior to or irrespective of bacteriological results (Pfister 2002). A regional “Nowcast
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Model” for southern Lake Michigan, currently under design by Dr. Richard Whitman 
(USGS), uses a multi-year data pool (of information readily available to beach 
managers including surface water temperature) from several regional beaches (WI, 
Illinois, Indiana), including those in Racine. Although there was some correlation 
between surface water temperature and BWQF regionally {USEPA National Beaches 
Conference - Whitman 2004c), and within other municipalities {USEPA National 
Beaches Conference - Olyphant 2004), there was no significant correlation between 
failures and surface water temperature at the local level in Racine, WI.
A better understanding of the complex, interdependent relationships that exist 
between environmental parameters (wind direction, wave height, surface water 
temperature, and precipitation) and water quality will assist in determining the health 
risk associated with climate change (Charron, et al 2004). An analysis of the 
relationship between microbial indicators of water quality and environmental 
conditions will aid in the detection of sources of surface water contamination 
(Crowther et al 2001). Knowing the sources of contamination (based on a 
comprehensive assessment of local environmental conditions), in conjunction with an 
understanding of the relationship of bacterial indicators to environmental parameters, 
can aid in the development of a predictive model leading to a more effective routine 
monitoring program (Whitman and Meyer 2005).
Predictive modeling, the ability to predict elevated levels of fecal indicators in 
recreational waters prior to the acquisition of results from microbiological testing, is 
something that has been extensively investigated with varying results (Collins and 
Rutherford 2004, Olyphant 2004, Whitman 2004c). Rainfall has been previously used
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in Milwaukee, WI (a metropolitan area of approximately one million individuals 
located approximately 48 km north of Racine) as a surrogate for bacteriological water 
quality analysis with limited success (Mary Ellen Breusch, Milwaukee Health 
Department -personal communication). The development of successful predictive 
models would enhance beach management programs since current microbiological 
tests take anywhere from 18 to 24 hours to produce results. Predictive models appear 
to be very specific to the geographic area for which they were designed (Whitman 
2004c). The City of Milwaukee, WI, has had predictive models developed for two of 
their three bathing beaches (Olyphant 2003). The models were slightly different for 
each of these Milwaukee beaches even though they are within ten miles of each other 
which indicates the presence of specific, localized influences (McLellan 2004). 
Predictability, although very site specific, can be used in conjunction with traditional 
microbiological testing to indicate those times which are more likely to result in the 
issuance of poor water quality advisories (Pfister 2002).
4.4 Applying Principles o f  Risk Assessment to Beach Management
4.4.1 Current Compliance Monitoring Scheme for Bathing Waters
Prior to 2004, samples from individual monitoring stations were analyzed separately 
and averaged to get the daily arithmetic mean which was in turn used to calculate the 
five-day geometric mean. Compliance was determined based on meeting dual criteria 
stating that the E. coli density in no single sample could exceed 235 MPN/100 ml and 
that the daily geometric mean must remain below 126 MPN/100 ml (Introduction,
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section 1.8). If any of the four individual results exceeded the USEPA single-sample 
guideline an advisory/closure was posted regardless of the daily geometric mean. In 
addition, beach management protocol at the City of Racine required that any time the 
USEPA single sample limit was exceeded two consecutive low results {E. coli <235 
MPN/100 ml) were needed to remove the advisory.
Bathing water quality failures remained frequent (23 per cent of any given bathing 
season on average) and this type of monitoring scheme resulted in several Type I 
(posting the bathing beach in the absence of health risk) and some Type II Errors 
(allowing the beach to remain open in the presence of increased health risk).
4.4.2 Calculating the USEPA risk factor as a health assessment tool
Employing the USEPA risk factor, a calculation of health risk at a rate of eight 
illnesses per 1000 bathers based on a rolling five day geometric mean, in addition to 
microbial assessment would have reduced the number of bathing water quality 
failures by an average of six days at North Beach and five days at Zoo Beach by 
eliminating Type I errors. Type I errors are those instances where a bathing beach 
was posted as unsafe for swimming when, in actuality, the bacterial indicator levels 
were within acceptable limits. Type I errors are likely to occur at the study site due to 
the 18 hour turn around time in testing (the time required for the receipt of analytical 
results) but as also as fimction of the dual standard employed for compliance 
monitoring (single samples with E. coli <235 MPN/100 ml or the five-day GM less 
than 126 MPN/100 ml). When using the five-day GM an extremely high result on
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day one can influence the final result, even though days two through five may have 
relatively low E. coli numbers.
If using the USEPA risk factor as the sole microbial assessment tool, the bathing 
beach at North Beach would have been open zero to two times per year when the risk 
of illness was elevated (a Type II error). Type II errors would have occurred at a rate 
of less than one per year at Zoo Beach. Committing Type II errors is more serious 
than committing Type I errors. A Type II error indicates that exposure was allowed in 
instances where the health risk was elevated. In order to eliminate Type II errors it 
would be better to err on the side of caution with respect to public health (recognizing 
the bathing beaches will be closed more than is necessary) and use both the strict 
microbial assessment data and the USEPA risk factor or just the microbial assessment 
data.
4.4,3 Health Risk as Determined by the Annapolis Protocol
In the Annapolis Protocol (USEPA /WHO 1999) it was suggested that there could be 
an improved approach to the monitoring of recreational waters, one which would 
better reflect health risk in light of local influences. Current monitoring schemes in 
the US are based on the assessment of approved bacterial indicator organisms; the 
levels determined forming the basis of pass/fail criteria. In Racine, WI, levels of fecal 
coliform (pre-1999) or E. coli are used as the sole determinant when gauging bathing 
water quality and the number of failures has reached upwards of 70 per cent of the 
bathing season (Introduction, section 1.8.2.2). These failures are occurring in the 
absence of any overt source of human, fecal contamination such as CSO events.
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Racine, being a coastal community, dependent on tourism for a portion of its local 
economy, would benefit from such an approach as put forth in the AP whereby the 
public bathing beaches could be classified according to health risk (microbial 
assessment plus a beach classification scheme). In order for this to occur, an intensive 
assessment was undertaken to define all potential impacts on these surface waters 
through the use of a comprehensive sanitary survey.
The sanitary survey conducted at North Beach identified the seagulls, violations 
against city ordinances prohibiting pets or the feeding of wildfowl, the storm water 
drain, six drain tiles exiting from the parking lot and pavement to beach sands, the 
Root River, and connected harbor as potential sources of contamination. The sanitary 
survey conducted at Zoo Beach identified the seagulls, run-off associated with the 
steep wooded slope rising behind the beach, the storm water drain, the Root River, 
and connected harbor as potential sources of contamination. Racine has an entirely 
separated storm and sanitary sewer system and there is no other indication of direct 
human fecal contamination.
Following the stages in the example sampling protocol for primary microbiological 
categorization using Racine data:
• Stage 1 -  a large historic data base exists
• Stage 2 -  there is no evidence for spatial variation
• Stage 3 -  four sampling locations at North Beach and three sampling locations 
at Zoo Beach exist, each approximately 200 m apart. The information 
obtained from these monitoring stations will be in primary classification
• Stage 4 -  not applicable based on results of Stage 2
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• Stage 5 -  routine monitoring was conducted in excess of 20 occasions 
throughout the bathing season 
Microbial assessment using the primary indicator, E. coli, at the 95^  ^percentile 
calculation based cumulative data (no significant difference equals a single statistical 
body) on the last three consecutive years of bactériologie data would place North 
Beach in category C (131 -  500) or D (501 -  1000) and Zoo Beach in category D (501 
-  1000) or E (>1000). Since no significant variation occurred across compliance 
monitoring transects these will remain the primary microbial assessment.
Based on the results of the sanitary survey the sanitary inspection category 
(susceptibility to fecal influence) can be designated as very low at both beaches due to 
no evidence of human fecal contamination. In conjunction with the microbial 
assessment category (indicator counts) this would give North Beach a primary 
classification of good and Zoo Beach a primary classification of fair/good with the 
caveat that sources of fecal contamination are most likely non-human in nature and 
should be further investigated (in progress as stated in Chapter 5).
The AP provides for the reclassification of beaches based improvements in beach 
management recognizing the fact that microbiological contamination, and hence 
human health risk, may vary rapidly in response to discrete periods of high 
contamination. In areas where bathing beaches are subjected to contamination for 
limited periods of time, or where contamination events are predictable, and 
management interventions can be applied which are effective in reducing the amount 
of contamination or risk of exposure the evaluation of risk can be re-evaluated.
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4.5 Initiating Remediation of Pollution Sources through Research
4.5.1 Abatement of point sources of pollution
Racine’s lakeffont offers a variety of recreational water activities but has had several 
years when the number of advisories exceeded ten per cent of the bathing season. 
Frequent advisories prevent citizens from taking advantage of this valuable resource 
and give the community a negative connotation. In some communities a direct cause 
and effect relationship can be determined between advisory events and an 
environmental parameter such as a rainfall (Mary Ellen Bruesch -  personal 
communication). In Racine this was not the case; the advisories were equally 
associated with wet and dry weather. Furthermore, there was no identifiable pattern 
to the advisories, i.e. they did not occur more frequently in wet summers than dry 
ones. Although rainfall caused some spikes in bacterial counts there were frequent 
events when there was no rain in the 24-hour period prior to the bathing water quality 
failures. The City of Racine does not have combined sewers and is therefore not 
subjected to CSO events. Although there were no combined sewers there was a storm 
sewer serving an older section of the city (private residences, schools, businesses, 
etc.) which emptied directly on to beach sands between the two public bathing 
beaches North Beach and Zoo Beach. Weekly testing revealed that a significant 
amount of fecal coliforms (pre-1999) and E. coli was being discharged from this site 
during rainfall events indicating it was a significant point source of contamination.
In an effort to initiate remediation, personnel from the City of Racine Department of 
Public Works and Waste Water Treatment Plant evaluated the portion of the city
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serviced by the this storm sewer for any breakdowns in infrastructure, making repairs 
as necessary and conducted a feasibility study (of remediation) (Rick Jones -  personal 
communication). Eventually contracting with a regional engineering firm (Earth- 
Tech), a pluming study was conducted to evaluate the effects of the storm water on 
Lake Michigan during rainfall events. Based on the results of the pluming study the 
decision was made to completely re-engineer the storm sewer. The first step was to 
relocate the outlet from the beach sands to an embankment, increasing its distance 
from Lake Michigan. The second step was to change the construction of the storm 
sewer from a dry well to system designed to divert and retain storm water. A system 
was installed to remove solid wastes from the storm water including street debris, grit, 
and oils (Vortechs® System, Vortechnics). The large grit chambers of the Vortechs® 
system retain most materials that wash into the storm sewer from the streets during a 
rainfall event (Introduction, section 1.8.2.5.1). They are cleaned annually using a 
vacuum truck to remove accumulated wastes. In addition to removing solid waste, 
these chambers also redirect the flow (finite capacity of 0.75 cm) of the storm water to 
a series of detention/evaporation beds during rainfall events (to retain the dirtiest, 
“first-flush” waters). Lake Michigan surface water quality continued to be impacted 
when the capacity of these beds was exceeded or the rain event was of sufficient 
duration or quantity such that the storm water was discharged through the bypass 
outlet.
The infiltration/evaporation basins were originally designed to be un-vegetated but 
public concern influenced the decision to convert them into a constructed wetland 
area. This decision was chiefly made to improve the aesthetics of the site.
252
This redesign of the storm sewer system, completed in the autumn of 2003, was 
speculated to provide a 10-20 per cent reduction due to bacterial contamination from 
this source. As part of routine monitoring to assess the efficacy of the remediation, it 
was revealed that although the dirtiest water entered the infiltration/evaporation beds 
it exited cleaner than at the bypass outlet site. Based on this information, a pilot study 
was conducted in May o f2004 in order to determine whether or not it was plausible to 
vegetate the overflow site with native species of plants, such as bulrushes and sedges. 
The results of this study indicate that certain varieties of wetland plants can survive in 
the environment created by the storm drain bypass, even during periods of excessive 
rainfall (when anchored sufficiently to allow the root systems to develop). The 
success of this original planting has led to an additional planting in September 2004. 
Converting storm water drainage areas into wetlands will improve drainage and 
prevent erosion of beach sands as well as providing a further reduction in the influx of 
bacterial indicator organisms to surface water through the creation of a mechanical 
barrier which allows for fine particle sedimentation (as further described in Appendix 
A).
Continuous monitoring of E. coli levels at this site will be necessary to determine the 
ultimate impact this remediation will have on Lake Michigan surface water quality. If 
native wetland plants were able to grow in the vicinity of storm water outlets, and if 
they are capable of reducing contamination, communities could benefit from the 
installation of these natural filters as a means of storm water management.
253
4.5.2 Abatement o f intermittent pollution events (Non-point sources)
Bathing water quality failures were not limited to rainfall events indicating that direct 
sources were not the only contributors; indirect or intermittent sources must also have 
some impact at this site. A spatial distribution study was initiated in 2002 to 
determine where microbial indicators were found in highest concentration - sand on 
beach, sand under the water or the water column. The sand on shore, specifically in 
the near shore area, had the highest E. coli concentrations. Current beach 
management practices were examined to determine if they were the potential cause or 
could be the potential cure for these intermittent pollution events (section 1.8.2.5.3 
and Appendix A).
The City of Racine mechanically grooms their bathing beaches daily and has done so 
for 20 years. Beach grooming is a best management practice as it removes unsightly 
and/or hazardous debris and improves the environment. Even though there are many 
benefits derived from beach grooming, no study had been done to see what potential 
influence this had on bacterial density in near shore sands (Kinzelman et al 2003b, 
Kinzelman et al 2004b). In order to determine if there were any adverse effects, the 
bacterial density associated with the current grooming practice (that levelled and 
smoothed beach sands) was examined in parallel to an alternative method that left the 
sand rough and furrowed in appearance like a farm field.
The initial action of the beach groomer’s tines is very dispersive while the following 
finisher compacts and levels the beach sand. When sand conditions were dry there 
was no visible difference between grooming deeper and omitting the finisher and the
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current grooming method and no significant difference in the concentration of E. coli 
recovered from sediment cores. The dry sand fell in on itself regardless of how it was 
maintained and the beach presented a rather uniform appearance regardless of the 
treatment type. When the sand condition was damp/mixed or wet the difference 
between the grooming treatments was very visible and the concentration of E. coli 
noted in sediment cores was significantly different based on treatment type as well. 
Increasing the depth of grooming and omitting the finisher yielded aerated sand with a 
deep furrowed appearance while the status quo grooming treatment presented sand 
that was rather level and compacted. The altered appearance of the deeply groomed 
beach during wet conditions may be the key as to why variation in grooming 
techniques is able to decrease the density oîE. coli recovered from foreshore sand 
core samples.
Hypothetically, the more aerated sand would dry more rapidly when wet and at the 
same time allow for deeper UV light penetration by the sun than the more compacted 
sand. Bacteria, originating from fecal material on the surface of the sand, could be 
provided with a more hospitable environment for persistence or growth in compacted 
sands when conditions are warm, moist and protected from UV light. Aerated sands, 
allowing for more rapid desiccation and light penetration, may have the effect of 
promoting more rapid die off of micro-organisms accumulated on beach sands.
Gull droppings were visible on beach sands and their numbers remained constant 
throughout the course of this study (Appendix B). The mean number of gulls recorded 
in the morning for each week of the study was consistently higher than the afternoon 
average indicating that these birds may tend to roost on beach sands at night. On
255
average, one gram of seagull feces contains 340 million (3.4 x 10^) E. coli bacteria 
(Sandra McLellan, University of Wisconsin - Milwaukee, WATER Institute - 
personal communication). If the average number of seagulls observed at a single point 
during the course of study were to deposit only one gram of feces on beach sands it 
would translate into a fecal burden of 93 - 240 billion E. coli. Considering this fact, 
the actual fecal mass deposited by the number of seagulls observed in this study, in a 
nutrient rich environment, could provide a high enough E. coli burden to negatively 
impact adjacent receiving waters. Previous modelling at North Beach using 
multivariate analysis indicated a significant relationship between current surface 
water E. coli counts and the previous days E. coli counts in conjunction with wave 
height (p=0.02) (Kinzelman et al 2004a). It is feasible then that high waves 
repeatedly washing over the berm crest to the near shore area of the beach sand could 
transport E. coli originating in the fecal matter of seagulls from onshore sediment to 
surface waters as they receded (Wither et al 2005b). The alteration of mechanical 
grooming practices may serve to decrease this burden by creating a less hospitable 
environment for the bacteria.
In this study, mechanical beach grooming techniques were assessed for their ability to 
influence bacterial content in foreshore beach sands. This research demonstrated that 
the status quo grooming technique, employed for the past 25 years in Racine, WI, had 
the potential to enhance the persistence and/or re-growth of E. coli based on sand 
condition (presence or absence of moisture). Conversely, altering the way in which 
these sediments were maintained influenced bacterial density. Increasing the depth of 
grooming and omitting the finisher when the sand condition was noted as damp/mixed 
or wet provided an effective means of reducing the concentration of E. coli, ultimately
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providing a 30 per cent reduction in the number of non-point source associated (dry 
weather) advisories at the study site (Kinzehnan et al 2004b). Although there was a 
slight increase in the number of bathing water quality failures from 2002 to 2003 (27 
versus 31), they were predominantly due to wet weather events (although four remain 
of unknown origin). Being able to account for the number of advisories triggered by 
specific events will allow for further remediation measures to be developed.
Questions regarding the identification and remediation of direct and indirect or 
intermittent contamination sources and their relative contribution to poor bathing 
water quality are continually being addressed (Wither et al 2005a). Indirect sources 
of pollution are often difficult to detect and correct and an assessment of bathing 
water quality may necessitate the inclusion of individuals across various disciplines 
for the determination of the sanitary quality and potential public health risks 
(Efstratiou 2001). An examination of current beach management practices, including 
mechanical grooming techniques, may serve to reduce indirect or intermittent 
pollution and lead to both a reduction in the number of poor water quality advisories 
posted annually at other Lake Michigan or Great Lakes bathing beaches and the 
reclassification of this site under the AP (further described in Appendix A).
4.5.3 Algae removal as a best management practice
Although remediating the storm drain and reducing bacterial density in beach sands 
via an alteration in mechanical grooming practices has resulted in a stronger 
association between rainfall and elevated E. coli in surface water (where a lesser 
association existed before) bathing water failures continue at this site. Therefore,
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other sources, not yet identified, must be impacting surface water quality in this 
south-western Lake Michigan community. Beach sands were found to harbor 
significant amounts of E. coli but other natural processes, such as algae blooms, were 
found to be associated with elevated amounts of bacterial indicator organisms 
(Byappanahalli et al 2003b, Whitman et al 2003b). Although no clear association 
between water quality failures and algal presence existed during the course of this 
study, the removal of algae may be an important aspect of beach management as it has 
a direct impact on the attraction of nuisance waterfowl such as seagulls, known to 
contain high amounts of E. coli in their feces (Introduction, section 1.5.2).
4.6 Host Source Studies (PCR and antibiotic resistance analysis)
The impact of direct and indirect contamination sources will vary from community to 
community and the importance of a comprehensive sanitary survey including a 
subsequent spatial distribution study can not be overlooked. Each beach site is unique 
and must be viewed as such. For example, while the Root River in Racine did not 
have a direct impact on recreational water quality during the course of this study, 
inputs from storm drains to riverine environments can be a major point source of 
contamination (Brooks et al 2004). Once sources of bacterial contamination have 
been established it may be of value to determine the host origin (human vs. non­
human) in order to assess health risk and target remediation efforts.
For example, spatial distribution studies in Racine showed that high concentrations of 
E. coli were associated with beach sands. Fecal pollution from shorebirds, specifically 
seagulls, is a likely contributor to the poor quality of the surface water within a given
258
beach season and investigators are continually finding other non-human, non-fecal 
sources of bacterial indicator organisms (Belant 1997, Belant et al 1998, Levesque et 
al 2000, Fogarty et al 2003, Lebuhn et al 2003, Yorio and Caille 2004) (Introduction, 
section 1.5.2). Avian species have been known to carry human pathogens but current 
bacterial indicators may or may not give an accurate representation of human health 
(Ferns and Mudge 2000, Haag-Wackemagel and Moch 2004, Tizard 2004).
Therefore, the determination host source has become an important objective in 
recreational water management (Sinton et al 1998, Muscillo et al 2001, McLellan et 
al 2003, Haznedaroglu et al 2004, in press).
The recent international conference held in the UK on MST favored non-library based 
methods for development as regulatory tools (University of Surrey, RCPEH, 2004). 
This is for a number of reasons including the facts that library-based methods tend to 
be geographically restricted and are expensive to maintain. Non-library dependent 
methods such as PCR and antibiotic resistance analysis are being used to characterize 
the host source of over 100 environmental isolates of E. coli fiom Racine (source 
identification work has been contracted to the University of Wisconsin Milwaukee 
WATER Institute) (see Appendix A). Development and field trialling of methods to 
source microbial pollution will be invaluable for recreational water management in 
general in the future and will be of immense value to identify the sources of pollution 
affecting Lake Michigan.
Lastly, whilst these remediation efforts will begin reduce the inputs of micro­
organisms from identified sources, public education and involvement is crucial to see 
appreciable improvements in surface water quality. Direct anthropogenic effects
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impact surface waters and the public must be educated on what potential impacts they 
may have on surface water quality.
In summarization, this research project:
• assessed the current compliance monitoring program (choice of indicator 
organisms, testing method, and sample collection scheme)
• explored the use of composite sampling to increase the spatial coverage of 
microbial indicator quantification across the bathing beach.
• investigated direct (storm water and riverine discharge), indirect (sands, 
surface run-off, algae, seagulls) and anthropogenic (boaters and bathers) 
sources of pollution which had the potential to adversely impact Lake 
Michigan surface water quality
• drew conclusions regarding the association of influxes of bacterial 
contamination to certain environmental parameters (wave height, wind 
direction, precipitation, and surface water temperature)
• assessed several protocols for the determination of bathing water quality 
failures (Wisconsin’s current monitoring scheme under the USEPA BEACH 
Act of 2000, calculation of the USEPA risk factor, and the Annapolis 
Protocol)
• explored possible remediation tactics for the reduction of bacterial 
contamination and the use of MST as a definitive means of source 
identification
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CHAPTER 5 - CONCLUSIONS and RECOMMENDATIONS
5.1 Conclusions
• Discrepancies were noted when verifying enterococci from Enterolert® but no 
such problem was encountered using DST (Colilert-18) for the quantification and 
verification of E. coli. Since both organisms are USEPA approved for the microbial 
assessment of fresh bathing waters, and the single 18-hour incubation period of 
Colilert-18 provided the fastest available results of all USEPA approved test 
methodologies, E. coli was determined to be the better of the two indicators for 
routine compliance monitoring and contamination source identification.
• When looking at annual data sets, diurnal variation with respect to E. coli 
concentration (0900 vs. 1200 samples) existed at the study site but was not significant 
for every year of the study. Comparison of morning versus afternoon samples on an 
event-by-event basis showed there was little correlation between the amounts of E. 
coli recovered. Sampling should, therefore, occur during periods of peak bather 
density in order to be most protective of public health.
• Compositing as performed in this study, appeared to introduce neither bias nor 
additional variability into the monitoring results and stands as a reasonable alternative 
to data sets derived from single-sample methods. The use of composite sampling 
maximized spatial coverage for the characterization of microbial water quality, aided
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in the detection of predictable pollution events, and provided evidence for 
management interventions.
• Immediate and sudden adverse impacts on the bacteriological quality of surface 
water could be seen when there was an influx of storm water to Lake Michigan during 
wet weather events. The installation of a series of vegetated infiltration and 
evaporation basins provided some relief due to their receiving the “first flush” of 
storm water. Evidence of potential adverse impacts was also noted during dry weather 
when there was interaction between the plunge pools and Lake Michigan via wave 
action.
• The Root River received high levels of E. coli but generally appeared to act as a 
sink rather than a source of contamination to the bathing beaches as evidenced by low 
bacterial counts at the sampling site nearest the river mouth (section 3.2.1.2). It was 
shown that pluming at the river’s mouth occurred, a potential impact on bathing water 
quality if  the flow rate were sufficient and the wind direction favorable for the 
production of onshore winds. A further assessment of river contributions would be in 
order.
• A sufficient number of functioning pumping stations and toilet facilities at the 
bathing beach (both connected to the city sanitary sewer system) discounted onboard 
boater waste and bathers as a significant direct source of contamination at this site.
• Foreshore beach sands, the sands extending from the berm crest approximately 60 
meters on shore, were significant sources of E. coli at the study site with waves acting
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as mechanisms of transport to near shore waters. The large population of seagulls in 
Racine likely contributes to overall sediment burden. The E. coli content in the upper 
five cm of sand was influenced by moisture and mechanical beach grooming tactics 
were altered to promote drying with some success.
• Impervious surface runoff influenced the E. coli content in backshore beach sands 
at North Beach although the 200 m width of the beach acted as a sufficient buffer and 
there was no direct influence on surface water quality. Landscape runoff showed 
signs of influencing both the surface water and groundwater quality at Zoo Beach. It 
also contributed to the discharge from the storm drain and acted as an additional 
mechanism of transport to convey E. coli from foreshore sands to near shore waters.
• Algae, specifically Cladophora, was found to contain high concentrations of both 
E. coli and enterococci although no significant influence on surface water quality and 
the number of bathing water quality failures could be determined.
• Waves in excess of 0.3 m, wind direction containing vector east, and antecedent 
precipitation were associated with increased concentrations of E. coli which resulted 
in bathing water quality failures (83, 49, and 43 per cent respectively). Surface water 
temperature was not significantly correlated to E. coli concentration.
• The number of bathing water failures, based solely on the assessment of E. coli 
concentration, ranged from a high of 31 days (North Beach, 2003) to a low of 16 (Zoo 
Beach, 2004). The current test methodology, requiring an 18-hour incubation period.
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results in postings based on the previous days water quality and Type I errors are 
inherent to this scenario (on average 15 days during the course of this study).
• The use of the USEPA risk factor, in addition to microbial assessment would 
reduce the average annual number of Type I errors from 15 to 12 but would result in 
Type II errors (an average of two per year). This situation would not be desirable 
because it would allow exposure of bathers when bacterial indicator density exceeded 
USEPA published standards.
• The use of a beach classification scheme, such as delineated in the Annapolis 
Protocol, was conducted using the 95^  ^percentile value (based on compliance 
monitoring data collected from 2002 -  2004) for primary indicator microbial 
assessment and a standardized sanitary inspection form. Although the concentration 
of E. coli was elevated (433 -  1252 MPN/100 ml) the probability for human fecal 
contamination was very low (no CSO or SSO events and recent repairs to storm water 
infrastructure) and both bathing beaches could be classified as having generally good 
water quality.
• In areas where bathing beaches are subjected to contamination for limited periods 
of time, or where contamination events are predictable, management interventions can 
be applied which are effective in reducing the amount of contamination or risk of 
exposure. The use of microbial source tracking techniques such as ARA and rep-PCR 
will allow for the definite identification of pollution sources in Racine which will in 
turn focus remediation efforts where they can be of most use.
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5.2 Recommendations
The main sources of contamination to the bathing beaches identified in this study 
were the storm drain, the Root River (an assessment of bacterial density as a function 
of the flow rate will be examined in 2005), and the near shore beach sands. 
Understanding the association between triggering events (high waves, easterly winds, 
precipitation, and presence of waterfowl) and the influx of bacterial contamination is 
crucial for the implementation of remedial actions. Properly designed remedial 
actions (storm water management) or improved beach management tactics (grooming 
and improved landscape) will reduce the health risk associated with bathing water 
contact and increase the number of days available for bathing within a given season 
(assuming they are adaptive in nature and can evolve based on new scientific 
evidence). In coastal communities, where a portion of the local economy is 
dependent on tourism, an increase in the number of days available for bathing will 
increase commercial benefits and cut economic losses.
The association between triggering events and influxes of contamination in this study 
were confined to an analysis of ambient conditions (wave height, wind direction, and 
precipitation), in some cases on a limited basis, and the presence of seagulls and the 
filamentous green algae, Cladophora. In order to further elucidate the relationship 
between certain environmental parameters and increased densities of bacterial 
indicators further experiments could be conducted under a wider range of 
environmental conditions, especially in those instances where the testing was 
confined to a single event, such as the offshore spatial distribution study. Conducting 
additional offshore studies at the same GPS locations but under varying
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environmental conditions (different wind vector, rain events with lesser or greater 
amounts of precipitation) will determine if the major sources of contamination noted 
within this study are constant in nature or variable based on environmental 
parameters.
In others instances, most notably those aimed at determining the contribution from 
near shore beach sands, experiments could be undertaken to evaluate cause(s) for the 
particular distribution of E. coli at Racine’s beaches. E. coli concentration at the 
study site was observed to be influenced by moisture content. The mechanisms as to 
why this occurs could lead to more refined management tactics. Examining bacterial 
distribution as a function of sediment type, grain size and composition, in conjunction 
with laboratory-based microcosm experiments may shed light on whether or not 
certain sediment environments have the propensity to foster bacterial growth and/or 
persistence. Examining this distribution in the context of the hydrology at the study 
site may also provide additional insight into transport mechanisms and the potential 
for groundwater infiltration to effect surface water quality. A further examination of 
these circumstances in 2005 will lead to a greater understanding of the filtering 
capacity or retentive properties of beach sands impacted by surface run-off.
E. coli and enterococci, in excess of USEPA standards, were noted in both gull feces 
and algal {Cladophora) mats. If these bacterial indicators, in the truest sense of the 
definition, are surrogates for pathogens then a further examination of these potential 
sources of pollution is needed. If gull feces and Cladophora are found to contain 
pathogens as well as pathogen indicators then the risk from these non-human sources 
must be reassessed. If however, no pathogens are noted, the validity of E. coli and
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enterococci as indicators of bathing water quality may be brought under question. 
Intensive sampling of gull feces and algae for the presence of human pathogens such 
as Salmonella, Campylobacter, E. coli 0157:117 and Shigella will determine which of 
these scenarios is most likely.
The reliability of current bacterial indicator organisms to accurately detect instances 
of increased health risk from indirect contamination sources is questionable. While 
this project has shed light on some of the direct and indirect sources of contamination 
and the interaction of environmental parameters responsible for bathing water quality 
failures in one US Great Lakes community no true assessment of human health risk 
was performed. The results of this research project would have been strengthened if a 
concurrent epidemiological study had been conducted. The Racine Health 
Department has received occasional notification of waterborne disease outbreaks from 
local physicians, but many instances of waterborne illness likely go unreported due to 
their self-limiting nature. If a mechanism of self-reporting was in place for both 
citizens and tourists a better idea of the incidence of gastrointestinal and other 
illnesses in bathers could be obtained. While retrospective, self-reporting is not as 
strong an epidemiological tool as the methods employed in the current USEPA 
NEEAR Study, the City of Racine has a publicly accessible website on which a 
survey could be posted for this purpose. An epidemiological study would accurately 
reflect the health risk from indirect contamination sources, an area where there is 
limited information available.
In Racine, historic and current monitoring data (section 3.3.1) are being used to 
design a region-wide predictive model (Introduction, section 1.3.2) in addition to
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those associations between bacterial indicators and environmental parameters noted 
on a local level. A successful predictive model would increase the reliability of the 
compliance monitoring program by providing a real-time assessment tool informed by 
bacterial indicator organisms. Additionally, knowledge of the association between 
bacterial indicator density and environmental parameters can improve management 
actions being taken to provide public information regarding bathing water quality 
(state and local web sites and signs at the bathing beach). This knowledge can also be 
used to provide targeted remediation of direct pollution sources (increasing storm 
water retention) and intermittent pollution events (transport of indicator organisms 
from beach sands via wave action or rainfall). Once these management interventions 
are shown to be effective the public bathing beaches in Racine can be reclassified to 
higher grade under the Annapolis Protocol.
The science surrounding the determination of bathing water quality continues to 
evolve. Epidemiological studies are being re-assessed and re-visited, traditional 
indicators are being brought into questions in light of new information regarding 
environmental presence and/or persistence, and the methods by which these indicators 
are determined are being improved upon to provide a real-time assessment of health 
risk. Adaptive compliance monitoring and beach management schemes must be in 
place in able to utilize this new scientific information as it becomes available. The 
development of a US-based beach classification system will provide for the adequate 
investigation of bathing water quality failures, including a framework for initiating 
remediation of contamination sources. Remediation of pollution sources is the only 
true way of insuring the protection of public health.
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APPENDIX A -  APPLICATION OF RESEARCH FINDINGS, A 
CASE STUDY APPROACH
Recreational water quality advisories have increased in recent years, in part due to 
more frequent monitoring and in part due to an actual increase in the amount of 
bacterial contamination (NRDC 2004). Direct sources of contamination, such as storm 
water discharge, and indirect sources, such as surface run-off, may impact coastal 
areas as they become more populated and natural habitat is removed. Without 
intervention the environmental health of our waterways will suffer regardless of 
research efforts targeted at the improvement of compliance monitoring.
Beach sanitary surveys and spatial distribution studies complemented by research 
initiatives (microbial source tracking, modelling based on environmental parameters) 
have provided enough information to begin targeted remediation efforts for the City 
of Racine. Working cooperatively with the City of Racine Departments of Health, 
Public Works, and Parks, Recreation and Cultural Services remediation schemes have 
been developed for the reduction of bacterial contamination to adjacent surface 
waters. These efforts were aided through a public education campaign, designed to 
increase awareness regarding storm water management, conducted by a citizen action 
group. Keep Our Beaches Open.
The following section demonstrates the potential for positive impact, or results, of 
remediation initiatives whose derivation was based on those analyses designed to 
determine the distribution of the E. coli within this urban environment and the 
influence of certain environmental conditions, or coastal processes, on this
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distribution (Results, Chapter 3). Therefore, some background explanation is 
necessary to place the results in context to the project as a whole.
A.1 Case Study #1 -  Remediation of a Direct Pollution Source
A. 1.1 Improvements to the English Street storm water drain
The storm water drain at English Street was the only identifiable point source of 
pollution consistently impacting surface water quality at Racine, WI (Introduction, 
section 1.8.2.5.1). The mechanical re-engineering of this storm drain which empties 
directly on to beach sands between the two public bathing beaches began in the 
autumn o f2000 and ended in the spring o f2003 (Introduction, section 1.8.2.5.1). At 
the close of major construction, rainfall event samples indicated that the system was 
fimctioning as proposed, mechanistically speaking, namely removing solid wastes, 
grits, and oils prior to redirecting the first flush of dirty storm water to a series of nine 
infiltration/evaporation beds (Results, section 3.2.1.3). Microbiologically, the 
concentration of E. coli was at least three times greater in the storm water passing 
through the two Vortechs® systems to the infiltration/evaporation beds than that 
flowing through the outfall bypass when measured within 30 minutes of an initial 
rainfall event, sufficient in quantity to trigger a bypass, on two of three events (see 
case study. Results, section 3.2.1.3, Table 3.24).
Based on these initial assessments oîE. coli content in storm water discharge, the 
engineering practices currently in place appear to be providing some relief with 
regards to reducing the influx of E. coli to Lake Michigan as the median number of E. 
coli discharged to Lake Michigan has decreased since the storm drain was redesigned
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(original reduction estimates were in the ten to 20 per cent range, J. Hiller, P.E. - 
personal communication) (Table A.l).
Table A.1 -  Comparison o f bacteriological storm water quality before and after the re-engineering of 
the storm drain in the autumn o f 2000 (results reported in cfti/100 ml for 1998 -  2000 and MPN/100 ml 
for 2003 -  2004 due to method change, * only one occurrence) [no data available for years 2001 -  2002 
due to site construction].
Bacteriological Storm Water Quality Pre- and Post-Installation
E. coli per 100 ml 
(cfu or MPN)
N
Mean
Median
Minimum
Maximum
Year
1998
15
1171
700
100
4300
1999
29
2151
1000
1
20000
2000
46
9661
3000
100
50000
2003
16
458
455
52
1203
2004
14
3244
448
10
24192*
In summer of 2000, the period of time immediately preceding the re-engineering of 
the storm drain, the concentration of E. coli per 100 ml of storm water exceeded 1000 
cfu/100 ml 36 out of 46 sampling events or 78 per cent of the time. In 2003, the year 
immediately following its completion, the concentration of E. coli per 100 ml of 
storm water exceeded 1000 MPN/100 ml one out of 16 sampling events or six per 
cent of the time. In 2004, a year with record rainfall in May and June, this downward 
trend continued with the concentration of E. coli per 100 ml of storm water exceeded 
1000 cfu/100 ml four out of 14 sampling events or 28 per cent of the time.
In addition to the reduction in bacterial content attributed to the mechanical 
improvements, research conducted in 2003 demonstrated that the 
infiltration/evaporation beds had an average of 66 per cent less E. coli in weekly grab 
samples collected in the plunge pool at the terminal compared to the plunge pool at
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the base of the bypass outlet which empties directly on to beach sands, although the 
infiltration/evaporation beds were the frequent recipient of large volumes of first flush 
storm water containing concentrations of E. coli in excess of 200,000 colony forming 
units (cfii) per 100 ml of sample (Introduction, section 1.8.2.5.1, Figure 1.6 and 
Results, section 3.2.1.3, Table 3.25). The composition of the bottom sediments did not 
differ from that of the surrounding beach area, being comprised chiefly of fine sand, 
although the infiltration/evaporation beds and to some degree the plunge pool at the 
terminal end, were vegetated. Examples of bioremediation using wetland plants exist 
within this geographic area, where species of native vegetation are used as an integral 
part best management practices in regional sustainable communities (i.e.. Coffee 
Creek, Chesterton, Indiana, US). Therefore, the vegetation installed in the 
infiltration/evaporation beds by the City of Racine, in addition to improving the 
aesthetics of the site, may also prove beneficial in contributing to the removal of 
bacteria from storm water. The species and numbers of plants installed in the 
infiltration/evaporation beds are listed in Table A.2.
Table A.2 -  Type and number o f native plant species (root stock and plugs) installed in the 
infiltration/evaporation beds at the English Street storm water outlet (2001). [* Best growth]
Native Vegetation Installed within the Bioretention Basins
Common Name Scientific Name Quantity
River Bulrush Scirpus fluviatilis * 795
Soft Stem Bulrush Scirpus validus* 1290
Three Square Bulrush Scirpuspungens/Scirpus americanus'^ 915
Wool Grass Scirpus cyperinus 235
Bebb's Oval Sedge Carex bebbii 235
Porcupine Sedge Carex hystricina 235
Lake Sedge Carex lacustris 235
Pointed Broom Sedge Carex scoparia 235
Awl Fruited Sedge Carex stipata 235
Green Sedge Carex viridula 235
Fox Sedge Carex vulpinoidea 235
Canada Bluejoint Grass Calamagrostis canadensis 235
Manna Grass Glyceria septentrionalis/G. grandis 235
Rice Cut Grass Leersia oryzoides 235
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A. 1.2 Installation o f additional wetland plants at the bypass outlet
The original design of the re-engineered English Street storm drain did not call for the 
installation of any vegetation at the bypass site (Jaren Hiller, P.E. - personal 
communication). In 2003, the bypass site resembled a stream in appearance having 
both erosional and depositional banks (Figure A.l). The installation of certain species 
of native wetland plants at this site, where none currently existed, could provide bank 
stabilization (sedges due to their root structure) and possibly additional filtration of 
micro-organisms that in the future might reduce the amount of bacteria available for 
transport to Lake Michigan (as was empirically noted with the infiltration/evaporation 
basins). The unknown variable at the bypass outlet was whether or not this site could 
be successfully vegetated since it was prone to extreme flash floods during heavy 
rainfall events, not contained in a basin, and subjected to the effects of surface run­
off.
Figure A .l -  English Street storm water outfall overflow site has an erosional (right) and depositional 
(left) side (designated by arrows).
;
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To determine the potential for successful vegetation, a pilot phyto-remediation study 
was conducted at the bypass site with the assistance of Dr. John Skalbeck, professor 
in Geosciences at the University of Wisconsin - Parkside, and professional wetland 
scientists, Drs. Dan Mason and Joy Marburger. In May 2004, several species of 
natives rushes {Scirpus validus, Scirpus americanus, Juncus effusus), sedges {Carex 
aquatilis, Carex stricta) and grasses {Spartina pectinata) were planted at this site 
(Table A.3) according to the provided instructions or using one of three experimental 
anchoring techniques (burlap weighted with washed stream bank stone, burlap 
weighted with ten to 20 cm diameter fieldstones, and garden staples) (Figure A.2).
Table A.3 -  Plant type, number initially installed, technique employed and per cent survival (Phase I, 
May 2004).
Phase I Plant Order- Phytomediation Project
Scientific Name Quantity Planting Technique Per Cent Survival
Scirpus validus 100 burlap/small stone or 
burlap/15-20 cm stone
17
Spartina pectinata 50 direct to soil 0
Carex aquatilis 50 burlap/garden staples 100
Carex stricta 50 burlap/garden staples 36
Scirpus americanus 50 burlap/small stone 0
Juncus effusus 50 direct to soil 2
Figure A.2 -  Experimental planting techniques were employed in an effort to vegetate the storm water 
bypass outlet (A = anchoring with burlap and garden staples, B = anchoring with 15 -  20 cm field 
stones).
«  ...tv
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The sedges, grasses and the J. effusus were planted along the perimeter while the 
other species of rushes were planted directly in the pool of water at the base of the 
outlet. The growth of the wetland plants was monitored weekly using the following: 
per cent survival, average number of shoots, and average height. The S. pectinata was 
of poor quality and did not survive. All of the S. americanus and 50 per cent of the S. 
validus were planted using burlap weighted with washed stream bank stone; all were 
washed out during the rain events. The other 50 per cent of the S. validus was planted 
using burlap weighted with fieldstones; 17 per cent remain and have increased in 
height by 300 per cent. Only one of the rushes that were planted according to the 
provided instructions remains (two per cent, J. effusus). Of the sedges (both planted 
using garden staples), 36 per cent of C. stricta and 100 per cent of the C. aquatilis 
survived. In fact, the C. aquatilis increased 34 per cent from 50 to 67 plants.
As part of the ongoing monitoring process at the bypass outlet, nutrients (total 
phosphorous and total nitrogen) and other chemical constituents were analyzed. The 
chemical analysis of storm water contained within the plunge pool and surrounding
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sediments was conducted for two purposes. The first purpose was to determine if the 
water quality was suitable to maintain the long-term growth of wetland vegetation.
The second was to determine whether or not selected heavy metals and organic 
compounds existed at the study site. Other parameters measured included 
precipitation (Results, section 3.2.1.6.3), pH, turbidity, temperature (Results, section 
3.2.1.6.4), and concentrations of E. coli and enterococci (Table A.4).
The suggested weekly monitoring protocol (Drs. Marburger and Mason, professional 
wetland scientists) for the English Street storm drain bypass site at Lake Michigan 
included the following tests: total phosphorus, total nitrogen (TKN), chlorophyll a, 
pH, turbidity, organic substances (oil/grease), temperature, bacteria {E. coli and 
enterococci), and blue-green algae (potentially present as a result of invasive zebra 
mussels). The pH, turbidity, temperature and bacterial counts were performed 
weekly. Due to cost constraints the total phosphorous, chlorophyll a and TKN were 
only analyzed for three consecutive weeks. The following were screened for once: 
blue-green algae, polycyclic aromatic hydrocarbons (PAH), and heavy metals (lead, 
copper, zinc & nickel). Tests performed weekly were conducted on site at the Racine 
Health Department Laboratory (Materials and Methods, sections 2.2.2.6.2, 2.3.1.1.1, 
2.3.2.1.1,2.4.1, and 2.4.2); all other analyses were contracted out and performed at 
the WI State Lab of Hygiene, Madison, WI. Results of the analyses performed on site 
as well as those contracted out can be seen in Table A.4.
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Table A.4 -  Fourteen week chemical and bacteriological assessment o f the English Street storm drain 
bypass outlet plunge pool, 2004 (* = analyzed weekly, ** = analyzed three times, analyzed once). [Pb 
= lead. Ni = nickel, Zn = zinc, Cu = copper, PAH = polycyclic aromatic hydrocarbons]
Analyte Minimum Concentration Maximum Concentration
pH* 6.02 7.64
Turbidity (NTU)* 1.65 6.25
Temperature (° C)* 18 29
E. coli (MPN/100 ml)* 10 >24,192
Enterococci (cfu/100 ml)* <10 2850
Total Phosphorus (mg/L)** 0.011 0.037
Total Nitrogen (mg/L)** 0.22 0.64
Chlorophyll a (mcg/L)** 1.79 9.62
Metals (Pb, Ni, Zn, Cu)*** Pb: 7.4 mg/kg, Ni:4.0 mg/kg, Zn: 23.0 mg/kg, Cu: 3.9 mg/kg
Blue-green Algae*** None Detected
PAH's -  various (ng/g)*** None Detected 32.1
Precipitation for the months of May and June of 2004 were 33.88 and 14.78 cm 
respectively. May representing a record amount. The turbidity of the water was 
relatively low. The pH and concentration of nutrients (total phosphorous and total 
nitrogen) did not exceed published criteria for eutrophic conditions in bodies of water 
indicating that this pool of water was not eutrophic during the period of time which it 
was monitored (phosphorous less than 0.03 mg/dl and total nitrogen less than 25 
mg/1). Therefore, sufficient light penetration should occur to allow for 
photosynthesis. The amount of chlorophyll a did not appear to be indicative of a 
sufficient biomass (biomass factor = concentration of chlorophyll a x 67) to interfere 
with plant growth. Contaminants of potential concern (PAH, heavy metals & blue- 
green algae) were either not present or did not occur at elevated concentrations (as 
determined by USEPA total maximum daily loads). No remediation benefits were 
expected to be seen in year one of this study.
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A.2 Case Study #2 -  Remediation of Indirect Pollution Sources
A .l A Reduction ofE. coli Density in Foreshore Beach Sands
In addition to the adverse impacts on bathing water quality associated with storm 
water discharge (a direct source), a relationship was noted between bathing water 
quality failures, high E. coli densities in foreshore beach sands and the ability of wave 
action to act as a mechanism of transport from one media to the other (Introduction, 
section 1.8.2.6.1). A research initiative targeted at developing a method to reduce the 
amount of micro-organisms available for transport to Lake Michigan surface waters 
via waves of moderate height or greater was instigated in 2001 (Introduction, section 
1.8.2.6.1). Although of short duration, the results were promising and further studies 
were conducted in 2002 in order to improve on beach management techniques related 
to the mechanical grooming of beach sands.
A.2.1.1 Beach grooming. An explanation of the technique is necessary in order to 
understand the concept of how mechanical grooming of beach sands could potentially 
influence the bacterial content of beach sands.
Daily professional grooming of bathing beaches in Racine, WI is a practice that has 
been in place for more than 25 years. For the past five years it has been accomplished 
using the Barber"^^ Surf Rake Mechanical Beach Groomer, Model 600 HD,
Naugatuck, Connecticut, US (Figure A.3, A). The action of the beach groomer tines 
upon the surface sands is quite vigorous and dispersive. The machine is capable of 
removing debris between 12 and 150 mm deep (actual depth that the tines penetrate
305
the sand) using its twenty-eight rolls of spring tines that contact the sand 8,600 times 
per minute over an area 2.18 m in width (Figure A.3, B). Large solids are removed 
from beach sands by the spring tines that carry the debris initially onto a conveyor and 
subsequently into a hopper for later disposal. A 100-kg serrated finisher trails behind 
the groomer and serves to level and smooth the beach. Although providing an 
aesthetically pleasing appearance to public bathing beaches in Racine, this process 
had never been evaluated for its potential to affect the density E. coli in beach sand.
Figure A.3 -  Barber Surf Rake Mechanical Beach Groomer, Model 600 HD (A), tines enlarged to 
show detail (B).
-
Further evaluation of daily foreshore beach grooming was required to determine to 
what extent such processes could be used to minimize E. coli contamination of sand 
and prevent its transportation to bathing waters. The purpose of this research was to 
evaluate the actual effect of two mechanical beach grooming techniques on E. coli 
density in beach sand at North Beach, Racine, WI in order to determine whether 
grooming at greater depths relative to the current grooming practice could be used to 
effectively reduce bacterial concentration in beach sand. With the results, effective
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beach management strategies could be designed to reduce the burden of E. coli from 
foreshore sands on adjacent surface waters.
Although leaving the beach undisturbed yielded the same results as deeper grooming 
(regardless of frequency) in the previous study (Introduction, section 1.8.2.5.3), 
leaving potentially hazardous debris on the beach was not a viable option from a 
public health perspective. Therefore, for the purpose of this study, the two treatments 
would consistent of daily status quo grooming and deeper grooming as per the 2001 
study. The 2002 sampling area was located at the site of the 2001 study, which was 
within the boundaries of North Beach transect N2 (Figure A.4).
Figure A.4 -  Schematic o f 2002 beach grooming study site at North Beach, Racine, WI.
<L ifeguard \ Stand /
This area to be groomed under current 
standard practices which includes using the 
finisher. 12 random samples taken daily.
This area to be groomed to a depth of 
approximately 3 cm without the 
finisher. 12 random samples taken 
daily.
LAKE MICHIGAN
w
Duration of study: 7/8/02 to 8/3/02 s < 0 >  N
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Sand samples were collected with an AMS soil recovery probe (Art’s Manufacturing 
and Supply, American Falls, ID) with a 2.8 cm bore and sterilized butyrate liners 
(Materials and Methods, section 2.2.4). Twelve samples were taken in the same 
manner from both the "status quo" and deeper groomed areas each day for 20 days 
(n=240 samples per treatment). The concentration of E. coli in each sample was 
determined by the membrane filtration technique using m TEC agar (Clesceri et al, 
1998) as described mMaterials and Methods, section 2.3.1.1.2.
Field conditions noted across the entire study site included the number of seagulls, the 
sand condition (wet, damp or mixed, or dry), and wave height. These values were 
recorded daily as described in Materials and Methods, section 2.2.2. Seagulls were 
counted twice daily (morning and afternoon) and weekly averages were determined 
based on daily counts. Sand condition (wet, damp or mixed, dry), for the purpose of 
this study, refers to moisture content as determined by a visual inspection of the sand 
prior to collecting sand core samples each day. A designation of wet indicates that the 
beach sand was visibly and uniformly wet, damp or mixed indicated that there was 
patchy moisture visible on the surface of the beach sand to varying degrees, and dry 
indicates that the beach sand was visibly and uniformly dry in appearance. Wave 
heights were estimated as being low (calm), medium (< 0.5 m), or high ( >0.5 m).
E. coli densities in the sand samples were calculated and expressed per gram dry 
weight of sample (wet/dry conversion factor = 0.833) (Materials and Methods, section 
2.3.1.1.2, Table 2.3). Statistical analyses of treatment main effects were done by 
repeated measures ANOVA on log-transformed data. Paired t-test and repeated
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measures ANOVA were used to test contrasting treatments when appropriate in order 
to determine if there was a significant difference in E. coli concentration between 
grooming treatments.
The two grooming techniques compared at North Beach, Racine, WI were: groomed 
to a depth of five to seven cm with levelling (status quo) and groomed to a depth of 
seven to ten cm without levelling (deep grooming) (Figure A.5).
Figure A.5 -  Side by side comparison of grooming techniques at North Beach, Racine, WI (Left = 
deeper grooming without levelling. Right = status quo grooming, i.e. shallow grooming with levelling).
The effective depth of grooming remained constant for both treatments during the 
course of this study (when the beach sand conditions were recorded as dry) (Table 
A.5). When the beach sand conditions were recorded as either damp/mixed or wet the 
area maintained without the finisher had a greater effective depth of grooming (Range 
= 0-4.5 cm) than the area maintained with the finisher (Range = 0-0 .9  cm) (Table
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A.5). Omitting the finisher also resulted in beach sand with a more aerated rather than 
compacted appearance. The E. coli content between the two treatments was correlated 
(p = 0.009) indicating that there was no bias with regard to the density of E. coli in 
either of the treatment areas and, therefore, a valid comparison between the two 
treatments could be made.
Table A.5 - Mean depths and ranges (in cm) for two grooming treatments using the SurfRake® 
mechanical beach groomer, with and without the finisher -  North Beach, Racine, WI.
Variation in Depth of Grooming by Sand Condition
Treatment Type Mean Effective Depth of Grooming (cm)
Sand Condition
Wet Damp / Mixed Dry
WITHOUT Finisher 2.4 1.4 0.2
Range 2.0 - 4.5 0 - 3 . 0 0 - 0 . 5
WITH Finisher 0.4 0.6 0.2
Range 0 - 0 . 9 0.5 - 0.75 0 - 0 . 5
Two data sets were determined based on treatment type, each consisting of the mean 
daily E. coli concentration in cfu/g (n = 12 samples per treatment per day), for a total 
of 20 data points per treatment (Tables A.6 and A.7).
Table A.6 -  Independent group t-test o f dry sand sample subset between treatments [groomed to a
Independent Grp t-Test: 2-Sample Assuming Unequal Variances
Sand condition dry
Unfinished Finished
Mean 61.575 56.727381
Variance 7388.3356 10191.086
Observations 84 84
Hypothesized Mean Difference 0
df 162
t Stat 0.3350934
P(T<=t) one-tail 0.3689941
t Critical one-tail 1.654314
P(T<=t) two-tail 0.7379882
t Critical two-tail 1.9747176
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These data sets were further subdivided based on sand condition (wet/damp or mixed 
and dry). Upon examining the “dry” subset, there was no overall significant difference 
between the densities of E. coli recovered from either of the treatments (p = 0.74) 
(Table A.6).
An independent group t-test performed on the "wet/damp or mixed" data subset 
indicates an overall significant difference in the mean concentration of E. coli 
between the treatments (p = 0.018) (Table A.7).
Table A.7 -  Independent group t-test o f wet or damp/mixed sand sample subsets between treatments 
[groomed to a greater deptii and unfinished versus finished (shallowly groomed and finished = status 
quo)].
Independent Grp t-Test: 2-Sample Assuming Unequal Variances
Sand condition either wet or damp/mixed
Unfinished Finished
Mean 44.2056075 :%2738318
Variance 3804.55619 19754.735
Observations 107 107
Hypothesized Mean Difference 0
df 145
t Stat ^23946338
P(T<=t) one-tail 0.00895724
t Critical one-tail 1.65543042
P(T<=t) two-tail 0.01791448
t Critical two-tail 1.97645932
Graphically depicted, when the sand condition was recorded as visibly moist or wet 
the area groomed deeper & without the finisher yielded core samples containing less
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E. coli per gram on average than the area maintained at a shallower depth and 
employing the finisher (Figure A.6).
Figure A.6 - Variation in coli concentration (CFU/g dry sand) based on sand condition (Kinzelman 
et al 2004b, ©Aquatic Ecosystem Health and Management Society).
Mean E. coli densities - Deep grooming without finisher vs. Current grooming
with finisher
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Date and condition o f sand
It has been hypothesized that fecal contamination from gulls, deposited to beach sands 
and transported to near shore waters via wave action, may be responsible for a 
number of bathing water quality failures at this site (Introduction, section 1.8.2.5.3). 
Therefore, the numbers of gulls present within the test plot and the presence of 
moderate to high waves or antecedent precipitation was examined as a function of 
sand condition. The number of gulls recorded during the course of this study 
remained high (an average weekly range of 470 - 636 individual birds based on 
tabulated twice-daily counts) (Table A.8). Wave height was variable and height did
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not always correlate with adverse weather conditions or rainfall. Of the 12 days that 
the sand condition was designated as wet or damp/mixed only five were associated 
with precipitation in the 24-hour period preceding sample collection (Table A.9).
Table A.8 - Mean number and range o f seagulls observed at North Beach during the course o f the 2002 
beach grooming study. [AM = morning, PM = afternoon]
Number of Seagulls at ;North Beac h, Racine, WI
W eek beginning with: Mean # Seagulls AM Range AM Mean # Seagulls PM Range PM
8 July 2002 615 370-1030 604 81-1150
15 July 2002 629 467-1001 311 46-670
22 July 2002 675 336-1050 596 320-760
29 July 2002 696 544-975 273 14-720
Table A.9 -  Variation in sand condition (wet, damp/mixed, dry) based on wave height (low = calm, 
moderate < 0.5 m, high ^ . 5  m) and precipitation (2002).
Variation in Sand Condition Based on Environmental Parameters
Date Sand Condition Wave Height (m) Precipitation (cm)
7-8-02 dry low 0
7-9-02 wet high 3.51
7-10-02 wet high 0.05
7-11-02 wet high 0
7-12-02 damp moderate 0
7-15-02 dry low 0
7-16-02 dry low 0
7-17-02 dry low 0
7-18-02 dry moderate 0
7-19-02 wet high 0
7-22-02 damp moderate 0
7-23-02 wet high 0
7-24-02 wet high 0
7-25-02 wet high 0
7-26-02 wet moderate 5.61
7-29-02 wet/dry moderate 0.30
7-30-02 dry/wet moderate 0
7-31-02 dry low 0
8-1-02 dry moderate 0
8-2-02 wet high 0.13
To validate the hypothesis that the manner in which beach sands were maintained 
could impact non-point source contributions, beach management practices were 
altered beginning in May 2003. From that date forward, grooming occurred at the
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maximum depth achievable with the equipment, omitting the finishing step that had 
previously levelled beach sands. The occurrence of bathing water quality failures and 
incidence of rainfall was tabulated and compared to similar data firom 2002. The 
number of advisories attributed to the occurrence of antecedent precipitation (point 
source) within the 24-hour period preceding collection of the sample increased fi*om 
nine out of 20 events (45 per cent) in 2002 to 14 out of 24 events (58 per cent) in 
2003. The frequency of dry weather events (non-point source) decreased by 30 per 
cent in 2003 (Table A. 10) even though there was less precipitation (35.5 cm in 2002 
vs. 22.1 cm in 2003) and more bathing water quality failures at North Beach (27 in 
2002 versus 31 in 2003).
Table A.10 - Comparison o f dry weather and rainfall associated advisory events prior to (2002) and 
after (2003) altering mechanical beach grooming techniques at Racine, WI.
Association of Advisory Events to Rainfall
Year
2002 2003
Total # Events: 20 24
Dry Weather Events: 11 out o f 20 6 out o f 24
% of Total: 55% 25%
Total Precipitation (cm) 3 5 j 22.1
Rainfall Events: 9 out o f 20 14 out o f 24
% of Total: 45% 58%
Other Events: 0 out of 20 4 out o f 24
% of Total: 0% 17%
In 2002 there were five incidents where the daily precipitation exceeded 2.5 cm but 
only two such incidents in 2003 therefore, the intensity of rainfall was greater more 
often in 2002 even though there was less of an association between bathing water 
quality failures attributed to rainfall events than in 2003. Rainfall events, based on 
field observations, generally trigger either the discharge of storm water to or the 
influx of surface water run-off to bathing waters. Dry weather events are most
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frequently preceded by an increase in wave height with or without an onshore (wind 
vector east) wind (Results, section 3.3.1.4).
A.2.1.2 Algae removal The mechanical beach groomer, employed for the removal 
of litter from the public bathing beaches, also has the capability of removing algal 
strands that wash up on the shore.
Strand accumulations of Cladophora spp. (a filamentous, green algae) may 
decompose, becoming malodorous and unsightly. In addition to being aesthetically 
unpleasing, this study has shown that stranded algal mats contain elevated 
concentrations of bacterial indicator organisms {Escherichia coli and enterococci) as 
well as serving to attract nuisance wildfowl such as seagulls and Canada geese 
(Figure A.7, A).
Figure A.7 -  Stranded algal mats attract nuisance wildfowl (A) and are, therefore, removed from beach 
sands as a best management strategy (B).
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Even though the amount of E. coli isolated from surface water did not significantly 
correlate with the amount of algae noted in the field at the time of collection (Results, 
section 3.2.1.5.2, Figures 3.38 and 3.39), and there was no apparent increase in the 
incidence of bathing water quality failures on days when moderate or high levels of 
algae were present during the course of this study, the removal of algae remains a best 
management practice. Removal of algae may be accomplished by employing the same 
equipment used to maintain the beach sands (Figure A.7, B).
A.2.1.3 Grade/Slope of beach. Various techniques have been developed in an 
attempt to reduce the effects of non-point pollution contributing to bathing water 
quality failures. An alteration in mechanical grooming techniques was shown to 
facilitate aeration and drying of wet sands hence lessening the density of E. coli 
available for transport to the water column (section A.2.1.1). Removal of stranded
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algal mats is also considered a best management practice in light of the high levels of 
bacterial indicators associated with this plant material. In spite of these changes 
(initiated in 2002 and 2003) bathing water quality failures continue due to E. coli 
levels in excess of the US EPA single sample limit (greater than 235 MPN/100 mL), 
i.e. 22 advisories/closures at North Beach in 2004). Mechanisms, other than those 
previously identified (rain events, high waves) may be contributing to or augmenting 
the effect of indirect contamination on Lake Michigan bathing waters.
In previous years the grade of the beach appeared to slope towards the shore, 
providing drainage for surface run-off. In 2004 it was noted that the slope of North 
Beach was interrupted by a large swale extending north to south parallel to the 
shoreline (Figure A.8, A). This swale retained water and beach sands remained in a 
perpetually wetted condition, exempt from the drying effects of the deep grooming 
(Figure A.8, B).
Figure A.8- Large swale on North Beach (A) was exempt from the effects o f mechanical grooming 
(B) in 2004.
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A hydrologie assessment of this area revealed that the distance to the water table was 
minimal (1 5 -2 5  cm) (Results, section 3.2.1.1.3) and that the E. coli concentration 
was increased in surface sediments (as revealed in the vertical distribution study. 
Results, section 3.2.1.1.3) when in proximity to groundwater. Continuous hydration of 
a beach sands may promote elevated bacterial counts, adversely impacting surface 
water quality under the right environmental conditions (Discussion, section 4.5.2).
Since the lateral and vertical distribution of E. coli in beach sands may be influenced 
as a function of location [distance from shore (subject to wave action) and 
relationship to water table], a poorly graded beach may facilitate non-point source 
contamination. The positive influence of beach grooming was absent in the areas 
with lower elevation due to the limitations of the equipment (the length of the tines) 
adding to the perpetually wetted condition and increasing the E. coli available for 
transport to surface waters via runoff or high waves. One potential remedy would be 
for responsible authorities to re-grade the beach, eliminating standing water, and 
ensuring that the surface sediments have an opportunity to dry. In this manner
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adjusting the grade/slope of the beach may reduce the number of water quality 
advisories resulting from the interaction of waves with near shore sands.
A.3 Case Study #3 - Determination of Host Source (Polymerase Chain 
Reaction and Antibiotic Resistance Analysis)
Sanitary surveys and spatial distribution studies that identify direct and indirect 
sources of contamination, coupled with the ability to determine the source of 
contamination, can then be further employed to gauge the success of implemented 
remedial solutions.
Research at the University of Milwaukee Great Lakes WATER Institute has focused 
on employing spatial surveys coupled with molecular and phenotypic approaches to 
determine sources of E. coli in Lake Michigan surface waters (McLellan et al 2001, 
McLellan et al 2003). Previous studies in the laboratory have demonstrated the 
usefulness of various approaches under specific circumstances. No single MST 
approach will address all situations.
Antibiotic resistance analysis (phenotypic) testing is useful for distinguishing between 
fecal contamination from gulls and sanitary sewage. While it is not as specific as 
genotypic testing such as PCR, the ability to distinguish between human and animal 
sources may be sufficient enough to guide remediation efforts. Researchers at the 
WATER Institute have found that E. coli from gulls generally has low rates of 
resistance to the ten antibiotics used in this method (Table A.l 1).
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Table A.11 -  Results o f antibiotic resistance analysis performed at South Shore Beach (McLellan 
2004).
Name of Antibiotic Concentration of 
Antibiotic 
(pg/ml)
Sewage 
(n = 1252)
Gull 
(n = 1225)
Percentage of Isolates Demonstrating 
Antibiotic Resistance
Ampicillin 80 50 4
Chlortetracycline 50 21 2
Kanamycin 100 10 1
Nalidixic Acid 50 12 < 0.5
Neomycin 100 8 1
Oxytetracycline 50 27 4
Penicillin G 180 32 7
Streptomycin 25 18 3
Sulfathiazole 2000 18 2
Tetracycline 50 24 3
For example, the frequency of resistance of E. coli isolates from gulls ranged from 
four to five per cent for ampicillin to less than one per cent of isolates resistant to 
kanamycin, neomycin, and nalidixic acid, fri contrast, E. coli obtained from sewage 
has a considerably higher frequency of antibiotic resistance, where greater than 50 per 
cent of isolates were resistant to ampicillin, and approximately ten percent of isolates 
were resistance to kanamycin, neomycin, and nalidixic acid. These differences are 
statistically significant and can be used for comparison of environmental isolates to 
these benchmark, or signature antibiotic resistance patterns. This approach was used 
successfully to discern septic field discharge from gull contamination from at one 
beach on Lake Michigan. However, riverine systems are contaminated with multiple 
sources, therefore, antibiotic resistance patterns are expected to demonstrate a mixed 
signature, and i.e. resistance frequencies are expected to be intermediate between gull 
or sewage isolate frequencies (Kinzehnan et al 2004a, McLellan 2005 - personal 
communication). In 2004, research at Racine’s beaches focused on utilizing this
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approach in conjunction with spatial surveys of the near shore area in order to validate 
sources of contamination and target remediation.
Gull E. coli isolates were collected during the course of this study to expand the 
University of Wisconsin Milwaukee database of known host sources so that they 
could establish the antibiotic resistance frequencies for gulls from Racine (Figure 
A.9). At present the total database contains more than 1250 gull isolates and more 
than 1250 sewage isolates, along with greater than 5000 environmental isolates 
isolated from surface waters impacted with different types of contamination. The 
isolates currently in the data set will then serve as benchmark patterns to allow the 
comparison of E. coli obtained from Racine’s beaches in order to establish the most 
probable source of E. coli from this study site (McLellan 2004 - personal 
communication).
Figure A.9 -  E. coli isolates from Racine are transferred from m-TEC agar to microtiter plates for 
antibiotic resistance analysis at the University o f Wisconsin Milwaukee Great Lakes WATER Institute.
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In addition to the antibiotic resistance patterns, genetic profiles of these isolates are 
being evaluated to compare the E. coli in the gull population with the genetic profiles 
of beach sand and water isolates. These analyses, along with the antibiotic resistance 
patterns are expected to provide valuable information about the source of E. coli 
found in the sand environment. Therefore, it is important to establish the original 
source of this reservoir (sanitary sewage from degrading infrastructure, gulls, or storm 
water from the outfall area) so that the potential for pathogens to occur can be 
assessed. Establishing the source of contamination provides indirect indications of 
the types of pathogens that might be expected.
Approximately 100 gull samples were collected from North Beach in Racine over a 
six-week period and the findings to date are summarized in Table A. 12.
Table A.12 -  Source and sampling site o f E. coli isolates and current (as o f May 2005) disposition o f
Date Source Site
Number of 
E. coli 
Isolates
Tested for 
Salmonella 
(Y/N)
Antibiotic 
Resistance 
Noted? (Y/N)
Rep PCR
9-3-03 Gull Bradford 7 Y Y in progress
9-8-03 Gull N. Beach 15 Y Y in progress
9-8-03 Water N. Beach 146 N in progress in progress
9-9-03 Gull Bradford 26 Y Y in progress
9-15-03 Gull N. Beach 16 Y Y in progress
9-15-03 Water N. Beach 0 N in progress in progress
9-16-03 Gull Bradford 24 Y Y in progress
9-22-03 Gull N. Beach 15 Y Y in progress
9-22-03 Water N. Beach 364 N in progress in progress
9-23-03 Gull Bradford 17 Y Y in progress
9-29-03 Gull N. Beach 12 Y Y in progress
9-29-03 Water N. Beach 185 N in progress in progress
9-30-03 Gull Bradford 17 Y Y in progress
10-6-03 Gull N. Beach 18 Y Y in progress
10-6-03 Water N. Beach 67 N in progress in progress
10-7-03 Gull Bradford 22 Y Y in progress
10-13-03 Gull N. Beach 13 y yes in progress
10-13-03 Water N. Beach 188 n in progress in progress
*Total number isolated ÆL coli from Bradford Beach gulls: 113 
*TotaI number isolated £1 coll from North Beach gulls: 89 
*Total number isolated E. coli from North Beach water: 950
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Additional sampling was carried out at Bradford Beach in Milwaukee, WI. The 
results from Racine and Milwaukee will provide a valuable comparison to determine 
common mechanisms for the creation of beach sand reservoirs of E. coli and for the 
occurrence of pathogens.
In 2004 an additional 110 E. coli isolates were forwarded to the University of 
Milwaukee Great Lakes WATER Institute for ARA and/or other source tracking 
techniques such as looking for human specific markers such as certain species of 
Bacteroides. These isolates were from a broad range of samples including surface 
water (dry weather and post-rainfall events), sediments, raw sewage, and storm water) 
(Table A.13).
Table A.13 -  Number oîE . coli isolates, by source, forwarded to UWM WATER Institute for MST 
(2004). [*Post-rainfall event]
Sample Date # of Isolates Source Collection Site
6-14-04 7 Sediment North Beach
6.-15-04 1 Sediment North Beach
6-17-04 4 Raw Sewage Racine WWTP
6-24-04 8 Raw Sewage Racine WWTP
6-30-04 90 Sediment North Beach 
(wet area at LEGS)
7-1-04 42 Raw Sewage Racine WWTP
7-7-04 53 Raw Sewage Racine WWTP
7-22-04 93 Surface Water* Lake Michigan
7-23-04 85 Surface Water* Lake Michigan
7-28-04 45 Storm Water Water Street outfall 
(Root River)
7-30-04 60 Storm Water Washington Park outfall 
(Root River)
8-4-04 96 Storm water* Infiltration/ evaporation 
beds (terminus)
8-11-04 94 Storm Water English Street 
overflow outlet
8-18-04 92 Storm Water English Street 
overflow outlet
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At the time of writing final analysis of these isolates is incomplete. Preliminary data 
has shown that ARA profiles vary by location or are event driven, i.e. near shore 
water impacted by surface runoff and wildlife appears to have resistance patterns 
resembling those from non-human sources while storm water discharge is mixed 
human/non-human in nature. Storm water also was positive in some instances for 
Bacteroides which indicates that there may be a break down in sanitary sewer 
infrastructure.
The determination of host source will allow for validation of those sources indicated 
through the spatial distribution study and may also reveal additional sources of 
contamination yet to be recognized. A thorough assessment of host source by MST 
augmented by a public education campaign (stencilling of storm drains and 
distribution of educational pamphlets) targeted at reducing anthropogenic inputs of 
fecal matter will aid in the implementation of more effective remediation actions (City 
of Racine 2004) (Figure A. 10).
Figure A.IO -  Storm sewer stencilling by Keep Our Beaches Open, a citizens environmental action 
group in Racine, WL
APPENDIX B -  SELECTED RAW DATA
324
Seagull Densities 2003 and 2004
GULLS PER DAY - NORTH BEACH 2003 GULLS PER DAY - ZOO BEACH 2003
N1 N2 N3 N4 Z1 Z2 Z3
140 30 460 30 25 0 0
0 360 40 0 45 0 0
0 2 225 225 0 22 25
0 0 450 25 25 0 0
0 0 230 190 0 0 0
0 0 15 15 31 6 4
20 0 240 240 0 0 0
0 0 300 150 0 35 0
0 0 200 200 0 0 0
0 230 230 0 90 90 0
0 210 210 0 90 90 0
100 100 250 250 20 0 30
0 100 100 0 3 3 4
600 0 150 150 0 0 0
0 0 80 360 0 0 0
0 0 0 0 0 0 0
0 0 350 180 60 0 0
0 0 225 225 200 0 0
100 50 0 0 0 60 0
0 0 0 0 0 250 0
0 0 0 0 0 0 140
0 200 200 200 0 0 0
260 180 180 0 35 0 0
0 0 300 300 60 60 0
180 0 225 225 40 0 0
160 233 233 233 350 0 0
0 0 0 200 0 0 0
0 20 240 80 0 0 0
0 200 200 200 0 0 0
0 0 0 900 80 0 0
0 0 30 420 150 180 310
230 0 800 280 55 0 50
70 380 650 250 10 0 0
450 220 730 260 0 15 0
260 580 700 640 360 360 125
390 0 520 520 220 310 0
730 250 0 280 325 0 0
25 0 900 0 600 400 0
350 15 600 750 0 130 0
150 370 500 550 250 360 50
70 120 600 0 0 80 370
800 0 400 215 0 0 0
0 500 2100 15 7 3 1
190 0 1030 0 60 0 0
330 0 500 700 50 0 10
250 50 600 1000 0 0 0
500 230 550 550 25 10 240
310 400 900 190 460 0 0
0 0 290 40 120 60 0
130 700 475 0 0 0 22
20 0 1100 4 100 0 0
0 0 500 520 0 75 0
2 400 200 1000 300 110 2
0 0 0 0 130 0 8
750 0 0 0 0 0 0
0 0 0 280 70 0 0
140 30 460 30 0 0 0
0 0 8 290 35 5 40
0 0 0 0 68 30 0
0 0 350 150 53 0 0
175 0 500 300 0 0 60
0 0 0 0 25 0 0
30 0 550 100 45 0 0
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GULLS PER DAY -  NORTH BEACH 2004 GULLS PER DAY -  ZOO BEACH 2004
N1 N2 N3 N4 Z1 Z2 Z3
0 400 0 0 0 0 0
0 300 0 0 0 0 0
200 0 200 0 0 0 100
0 0 0 0 0 0 0
0 0 0 0 0 0 100
0 100 0 0 0 0 0
200 0 0 0 0 0 0
0 100 0 0 50 0 0
200 200 0 0 0 100 0
200 0 0 200 0 100 0
0 0 0 0 0 0 0
0 0 200 0 0 0 0
0 500 0 0 100 0 0
0 0 300 0 0 0 100
0 500 500 0 0 0 0
0 200 200 0 0 0 0
0 200 300 0 0 0 0
200 0 0 0 0 0 0
0 500 0 0 100 0 0
0 300 0 0 100 0 0
0 100 0 0 0 100 0
0 0 0 200 0 0 0
0 0 0 600 0 0 0
0 200 0 0 100 0 0
0 400 0 0 0 0 0
200 0 0 200 0 0 0
200 0 0 0 100 0 0
0 400 0 0 100 0 0
0 250 250 0 50 0 0
100 0 400 0 0 0 0
0 250 250 0 0 0 0
0 150 150 0 0 0 40
0 250 250 0 100 0 0
0 500 500 0 0 0 0
200 0 0 200 0 0 50
0 400 400 0 0 0 0
0 400 400 0 10 0 0
0 0 0 200 100 0 0
0 200 200 0 0 100 0
0 200 200 0 0 0 100
0 0 50 50 0 100 0
0 0 200 0 100 0 0
0 0 0 400 0 0 0
0 100 0 0 0 100 0
0 0 0 300 100 0 0
1 8 900 150 5 0 0
0 0 150 150 0 0 100
0 550 550 0 100 0 0
0 150 150 0 100 0 0
125 125 0 500 25 0 0
0 17 17 17 8 7 0
0 0 0 300 0 0 0
0 0 0 200 100 0 0
0 0 0 200 0 0 0
0 0 0 200 200 0 0
0 0 0 0 0 0 0
0 0 0 200 0 0 100
0 0 0 300 0 0 0
0 0 0 400 100 0 0
0 0 0 200 200 0 0
0 167 167 167 0 0 0
0 0 650 20 100 0 0
0 150 150 0 100 0 0
0 150 150 0 100 0 0
0 150 150 0 100 0 0
0 150 150 0 0 0 100
0 1050 50 0 0 0 0
0 750 75 0 0 0 0
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GULLS PER DAY -  NORTH BEACH 2004 GULLS PER DAY -  ZOO BEACH 2004
N1 N2 N3 N4 Z1 Z2 Z3
150 700 400 20 0 0 50
0 200 300 0 0 0 0
200 500 600 0 0 0 0
10 600 400 20 0 0 0
550 600 0 0 0 0 50
Spatial Distribution of E, coli in Offshore Areas
Concentration oîE . coli expressed as cfu/ml in surface water samples (1 -  20) taken from shore. Pre­
rainfall samples were undiluted (1:1) and post-rainfall samples were diluted 1:10.
S a m p le
#
G P S
L o c a tio n
E. c o / /c fu /1 0 0  m l 
P re -ra in fa ll 
(1 :1)
E. coli c fu /1 0 0  m l 
P o s t- ra in fa ll  
(1 :10)
1
N 4 2 °  4 4 ' 21 .0" 
W 0 8 7 °  4 6 ' 43 .0" 12 40
2
N 42° 4 4 ' 25 .0" 
W 0 8 7 °  4 6 ' 44 .0" 11 130
3
N 42° 4 4 ' 29 .0" 
W 0 8 7 °  4 6 ' 46 .0" 10 130
4
N 4 2 °  4 4 ' 34 .0" 
W 0 8 7 °  4 6 ' 49 .0" 4 70
0)% 5
N 4 2 °  4 4 ' 38 .0" 
W 0 8 7 °  4 6 ' 50.0" 21 30
o
m 6
N 4 2 °  44 ' 41 .0" 
W 0 8 7 °  4 6 ' 51.0" 30 180
>
7
N 42° 4 4 ' 48 .0" 
W 0 8 7 °  46 ' 52.0" 3 20
S 8
N 4 2 °  4 4 ' 52.0" 
W 0 8 7 °  4 6 ' 52.0" 9 10
Zo 9
N 4 2 °  4 5 ' 00.0" 
W 0 8 7 °  4 6 ' 52 .0" 5 <10
10
N 4 2 °  4 5 ' 05 .0" 
W 0 8 7 °  4 6 ' 52.0" 20 10
11 1 0 m  e a s t  of s ite  1 6 10
12 1 0 m  e a s t  of s ite  2 17 20
13 5 m e a s t  of s ite  3 2 40
14 8 m e a s t  of site  4 1 40
15 15 m e a s t  of s ite  5 13 60
16 22  m e a s t  of site  6 20 40
17 2 5  m e a s t  of site  7 6 <10
18 15 m e a s t  of s ite  8 18 39
19 12 m e a s t  o f site  9 88 <10
20 10 m e a s t  of site  10 32 20
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Concentration o f E. coli expressed as cfii/ml in surface water samples (1 - 6 0 )  taken from the boat. Pre­
rainfall samples were undiluted (1:1) and post-rainfall samples were diluted 1:10. [HIB = hole in bag, 
sample not assayed due to potential contamination resulting from leakage in transport].
S a m p le  #
G P S
L o c a tio n
E. coli c fu /1 0 0  ml 
P re -ra in fa ll 
(1 :1)
E. coll c fu /1 0 0  ml 
P o s t- ra in fa ll  
(1 :10)
1
N 4 2 °  4 3 ' 59.6" 
W 0 8 7 °  4 6 ' 10.6" 40 170
2
N 4 2 °  4 4 ' 00 .6" 
W 0 8 7 °  4 6 ' 04" HIB 50
3
N 4 2 °  4 4 ' 02 .3" 
W 0 8 7 °  4 5 ' 56.4" 21 50
4
N 4 2 °  43 ' 57.0" 
W 0 8 7 °  4 5 ' 51.2" HIB 120
5
N 4 2 °  4 3 ' 57.3" 
W  087° 4 5 ' 41 .3" 12 90
6
N 42° 4 3 ' 45 .3" 
W 0 8 7 °  46 ' 05 .0" 120 190
7
N 4 2 °  4 3 ' 44 .4" 
W 0 8 7 °  4 6 ' 03.5" HIB 50
03
i 8 N 42° 4 3 ' 42 .0" W 0 8 7 °  4 5 ' 59.1" HIB 40
g 9 N 4 2 °  4 3 ' 0.4" W 0 8 7 °  4 5 ' 50.5" 5 60■D
S 10 N 4 2 °  4 3 ' 39 .8" W 0 8 7 °  45 ' 44 .2" 76 30
rbo 11
N 4 2 °  4 4 ' 04 .8" 
W 0 8 7 °  4 6 ' 09.3" 47 50
12
N 42° 4 4 ' 09 .4" 
W 0 8 7 °  46 ' 15.6" HIB 20
13
N 4 2 °  4 4 ' 12.7" 
W 0 8 7 °  4 6 ' 18.7" 72 10
14
N 4 2 °  4 4 ' 15.7" 
W 0 8 7 °  46 ' 22 .2" 65 100
15
N 4 2 °  4 4 ' 18.7" 
W 0 8 7 °  4 6 ' 28 .4" 67 4 0
16
N 4 2 °  4 4 ' 24 .7" 
W 0 8 7 °  46 ' 33.6" 4 0 10
17
N 4 2 °  44 ' 29 .7" 
W 0 8 7 °  4 6 ' 33.6" 23 30
18
N 4 2 °  4 4 ' 35.0" 
W 0 8 7 °  4 6 ' 40 .9" 49 <10
19
N 4 2 °  4 4 ' 40 .2" 
W 0 8 7 °  4 6 ' 41 .5" 68 20
20
N 42° 4 4 ' 45 .8" 
W 0 8 7 °  4 6 ' 41 .4" 57 10
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Concentration o f E. coli expressed as cfu/ml in surface water samples ( 1 - 6 0 )  taken from the boat. Pre­
rainfall samples were undiluted (1:1) and post-rainfall samples were diluted 1:10. (N/A = not 
collected).
S a m p le  #
G P S
L o c a tio n
E. C O //c fu /100  ml 
P re -ra in fa ll 
(1 :1)
E. c o / /c fu /1 0 0  ml 
P o s t- ra in fa ll  
(1 :10)
21
N 4 2 °  4 4 ' 54 .9" 
W 0 8 7 °  46 ' 42 .8" 80 <10
22
N 4 2 °  4 5 ' 01 .5" 
W 0 8 7 °  4 6 ' 42 .3" 22 30
23
N 4 2 °  4 4 ' 4 5 ' 09 .1" 
W  087° 4 6 ' 46 ' 41 .4" 16 10
24 N/A N/A N/A
25 N/A N/A N/A
26
N 4 2 °  4 5 ' 10.9" 
W 0 8 7 °  4 6 ' 41 .3" 10 110
27
N 42° 4 5 ' 08 .3" 
W 0 8 7 °  4 6 ' 35 .6" 30 10
mo 28
N 4 2 °  4 5 ' 04 .8" 
W 0 8 7 °  4 6 ' 35.6" 17 20
§
29
N 4 2 °  4 5 ' 00 .1" 
W 0 8 7 °  46 ' 34 .4" 14 20
>2T3r- 30
N 4 2 °  4 4 ' 56.5" 
W 0 8 7 °  4 6 ' 34 .3" 35 60
3
Nd 31
N 4 2 °  4 4 ' 48 .9" 
W  087° 4 6 ' 32.9" 30 10
LO 32
N 4 2 °  4 4 ' 46 .1" 
W 0 8 7 °  4 6 ' 32 .4" 9 <10
33
N 42° 4 4 ' 44 .5" 
W  087° 46 ' 32.3" 8 20
34
N 4 2 °  4 4 ' 36.8" 
W 0 8 7 °  4 6 ' 30 .7" 2 10
35
N 4 2 °  4 4 ' 30 .2" 
W  087° 4 6 ' 29.5" 3 40
36
N 4 2 °  4 4 ' 30 .0" 
W 0 8 7 °  46 ' 24 .4" 2 40
37
N 42° 4 4 ' 35 .5" 
W 0 8 7 °  4 6 ' 23 .7" 2 30
38
N 4 2 °  4 4 ' 39.4" 
W 0 8 7 °  4 6 ' 23 .2" 4 10
39
N 42° 4 4 ' 42 .8" 
W 0 8 7 °  4 6 ' 23 .0" 1 <10
40
N 4 2 °  44 ' 47 .7" 
W 0 8 7 °  4 6 ' 22 .9" 20 <10
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Concentration o f E. coli expressed as cfu/ml in surface water samples (1 -  60) taken from the boat. Pre­
rainfall samples were undiluted (1:1) and post-rainfall samples were diluted 1:10.
S a m p le  #
G P S
L o c a tio n
E. coli c fu /1 0 0  ml 
P re -ra in fa ll 
(1 :1)
E. c o / /c fu /1 0 0  m l 
P o s t- ra in fa ll  
(1 :10)
41
N 4 2 °  4 4 ' 54.1" 
W 0 8 7 °  4 6 ' 22 .9" 2 <10
42
N 4 2 °  4 4 ' 55 .5" 
W 0 8 7 °  46 ' 22 .8" 3 <10
4 3
N 4 2 °  4 4 ' 59.8" 
W 0 8 7 °  4 6 ' 22 .5" 90 130
4 4
N 4 2 °  4 5 ' 06 .1" 
W 0 8 7 °  4 6 ' 22 .0" 9 20
45
N 4 2 °  4 5 ' 10.1" 
W 0 8 7 °  4 6 ' 14.8" <1 60
46
N 4 2 °  4 5 ' 08 .0" 
W 0 8 7 °  46 ' 13.2" 3 20
47
N 4 2 °  4 5 ' 05.1" 
W 0 8 7 °  4 6 ' 11.6" <1 90
CD
1
>
48
N 4 2 °  4 5 ' 01 .9" 
W 0 8 7 °  4 6 ' 10.0" <1 150
49
N 4 2 °  4 4 ' 56.0" 
W 0 8 7 °  4 6 ' 09 .3" <1 30
■D
s
50
N 4 2 °  4 4 ' 50.6" 
W 0 8 7 °  4 6 ' 09.1" 1 60
51
N 4 2 °  4 4 ' 45 .3" 
W 0 8 7 °  4 6 ' 08.9" 3 10
§
52
N 4 2 °  4 4 ' 05 .7" 
W 0 8 7 °  4 6 ' 01.2" 4 <10
53
N 4 2 °  4 4 ' 02 .4" 
W 0 8 7 °  4 6 ' 01 .1" 8 <10
54
N 42° 4 3 ' 55.7" 
W 087° 4 6 ' 01.0" <1 10
55
N 4 2 °  4 3 ' 50 .6 ' 
W 0 8 7 °  4 6 ' 09.1" 4 10
56
N 4 2 °  4 3 ' 59.3" 
W 087° 4 6 ' 15.6" 10 60
57
N 4 2 °  4 4 ' 01 .5" 
W 087° 46 ' 18.2" 47 1200
58
N 4 2 °  4 4 ' 02.9" 
W 0 8 7 °  4 6 ' 22 .6" 33 370
59
N 4 2 °  4 4 ' 02 .8" 
W 087° 4 6 ' 27 .7" 73 200
60
N 4 2 °  4 4 ' 02 .6" 
W 0 8 7 °  4 6 ' 30.2" 44 23 0
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Water Quality Failures and Environmental Parameters
Water quality failures vs. environmental parameters, North and Zoo Beaches (2002).
ASSOCIATION OF ADVISORIES/CLOSURES TO ENVIRONMENTAL PARAMETERS - 2002
NORTHBEACH
Date
Advisory (A) 
or
Closure (P)
E. coli concentration  
(MPN/100 mL) 
[daily GM]
W ind Vector 
-  Speed 
(kmph)
W ave Height 
(m)
Precipitation 
(previous 24-hr 
period) (cm)
Surface W ater 
Temp. (C)
6/6/02 A 355 NE-14 0.3 0.03 16
6/7/02 A 6* SSE-21 0.6 0.00 16
6/10/02 A 248 SSW-16 0.6 0.00 14
6/11/02 A 40* WSW-24 0.6 0.25 14
6/19/02 A 288 SSE-19 1.2 0.00 14
6/20/02 A 20 SSW-19 0.6 0.00 14
7/9/02 h 1399 N-16 0.6 3.51 17
7/10/02 A 43* E-24 1.2 0.05 19
7/18/02 A 299 V-5 0.3 0.00 23
7/19/02 A 250 NE-21 0.9 0.00 23
7/20/02 A 11* SE-16 0.9 0.00 24
7/23/02 A 487 N-32 1.5 0.00 22
7/24/02 A 48* E-16 0.9 0.00 23
7/26/02 A 249 SSW-10 0.3 5.61 24
7/27/02 A 46* SE-8 0.3 0.03 21
8/1/02 b 2419 SW-34 0.3 0.00 19
8/2/02 A 170* NE-19 0.9 0.13 18
8/6/02 A 291 ENE-21 1.2 0.00 22
8/7/02 A 9* ESE-16 0.9 0.00 23
8/9/02 1733 SSE-23 0.3 0.00 24
8/10/02 A 387 SW-16 0.3 0.00 23
8/11/02 A 44* ESE-19 0.3 0.00 24
8/13/02 A 291 S-23 0.6 1.32 19
8/14/02 A 340 W-11 0.3 4.47 20
8/15/02 A 26* S-26 0.6 0.00 17
8/22/02 A 261 N-16 0.2 4.85 12
8/23/02 A 55* ESE-16 0.9 0.15 16
ZOO BEACH
6/6/02 A 637 NE-14 0.3 0.03 16
6/8/02 A 11* SW-26 0.6 0.00 12
7/9/02 b 1129 N-16 0.6 3.51 18
7/10/02 A 92 E-24 1.2 0.05 18
7/23/02 A 558 N-20 1.5 0.00 21
7/24/02 A 34 E-16 0.9 0.00 21
7/26/02 R 1917 SSW-10 0.3 5.61 23
7/27/02 A 88 SE-8 0.3 0.03 21
8/2/02 A 232 NE-19 0.9 0.13 18
8/3/04 A 15 E-11 0.6 0.00 22
8/6/02 A 297 ENE-21 1.2 0.00 21
8/7/02 A 3* ESE-16 0.9 0.00 22
8/9/02 A 311 SSE-23 0.3 0.00 24
8/10/02 R ..... . 1553 SW-16 0.3 0.00 24
8/11/02 A 40 ESE-12 0.3 0.00 24
8/14/02 A 558 W-11 0.3 4.47 19
8/15/02 A 53* S-26 0.6 0.00 16
8/21/02 A 687 S-26 0.6 0.00 12
8/22/02 A 250 N-16 0.2 4.85 12
8/23/02 A 81* ESE-16 0.9 0.15 16
8/29/02 A 517 NE-10 0.9 0.00 16
8/30/02 A 45 E-13 0.2 0.00 19
* Single sample result was within USEPA guidelines, but 5-day geometric mean was exceeded and the 
beach remained under advisoiy= Type I error. [For wind vector, V  = variable] (NOTE: In 2002 
advisories and closures were not removed until 2 consecutive sampling events demonstrated the E. coli 
levels had fallen below the single-sample limit o f 235 MPN/100 irf).
331
Water quality failures vs. environmental parameters, North Beach (2003).
ASSOCIATION OF ADVISORIES/CLOSURES TO ENVIRONMENTAL PARAMETERS -  2003
NORTH BEACH
Date
Advisory (A) 
or
Closure ®
E. coli 
concentration 
(MPN/100 mL) 
[daily GM]
Wind 
Vector -  
Speed 
(kmph)
Wave
Height
(m)
Precipitation 
(previous 24- 
hr period) 
(cm)
Surface 
Water 
Temp. (C)
6/26/03 A 256 WNW-19 0.0 0.03 12
6/27/03 A 3* WSW-24 0.3 0.25 16
6/28/03 R 1583 S-5 0.5 1.27 12
6/29/03 A 323 NW-16 0.3 1.32 16
6/30/03 A 9* ESE-14 0.0 0.00 18
7/3/03 A 327 SW-27 0.2 0.00 14
7/4/03 P 1177 S-16 0.3 0.81 17
7/5/03 P 41* SSE-13 0.2 1.73 18
7/6/03 A 246 S-11 0.3 1.73 16
7/7/03 A 122* ESE-6 0.3 3 3 8 15
7/8/03 A 249 SW-5 0.0 1.24 13
7/9/03 P 1658 SE-10 0.6 1.40 16
7/10/03 A 37* WSW-14 0.6 0.08 17
7/15/03 A 650 WSW-23 0.6 3.56 16
7/16/03 A 2* V-11 0.3 0.00 18
, 7/21/03 1014 NNE-34 0.6 0.05 19
7/22/03 A 343 N-24 0.6 0.15 18
7/23/03 A 145* NNE-24 0.6 0.00 17
7/24/03 A 10* ESE-11 0.2 0.00 19
7/30/03 A 243 SSE-21 0.3 0.00 18
7/31/03 A 68* SSE-23 0.3 0.03 18
8/7/03 A 325 NNE-21 0.3 0.00 21
8/8/03 A 471 N-19 0.6 0.00 20
8#W3 A 243 NNE-19 0.3 0.00 23
8/10/03 A 21* ESE-13 0.1 0.00 23
8/11/03 A 402 N-21 0.6 0.00 20
8/12/03 A 353 NE-26 0.6 0.00 20
8/13/03 A 37* E-16 0.3 0.00 22
8/27/03 A 330 NNE-26 0.9 0.00 22
8/28/03 A 16* SSE-21 0.6 0.00 22
8/29/03 A 300 E-11 0.0 2.26 22
* Single sample result was within USE?A guidelines, but 5-day geometric mean was exceeded and the 
beach remained under advisory= Type I error. [For wind vector, V = variable]
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Water quality failures vs. environmental parameters, Zoo Beach (2003).
ASSOCIATION OF ADVISORIES/CLOSURES TO ENVIRONMENTAL PARAMETERS -  2003
ZOO BEACH
Date
Advisory (A) 
or
Closure (@)
E. coli 
concentration 
(MPN/100 mL) 
[daily GM]
Wind 
Vector -  
Speed 
(kmph)
Wave
Height
(m)
Precipitation 
(previous 24- 
hr period) 
(cm)
Surface 
Water 
Temp. (C)
6/10/03 A 260 SSW-34 0.6 0.03 9
6/11/03 A 101 NNE-23 0.6 0.00 9
6/12/03 A 350 NNE-16 0.6 0.00 9
6/13/03 A 1* E-10 0.2 0.00 13
7/3/03 A 547 SW-27 0.2 0.00 14
7/4/03 1 1266 S-16 0.3 OjT 15
7#M3 1 10* SSE-13 0.2 1.73 17
7/6/03 A 621 S-11 0.3 1.73 16
7/7/03 A 274 ESE-6 0.3 3J 8 16
7/8/03 1 3784 SVA5 0.0 1.24 13
7/9/03 A 305 SE-10 0.6 1.40 16
7/10/03 A 11* WSW-14 0.6 Oj# 17
7/15/03 A 295 WNW-23 0.6 3 J # 16
7/16/03 A 39* V-11 0.3 0.00 16
7/21/03 1 1723 NNE-34 0.6 0^# 18
7/22/03 A 592 N-24 0.6 0.15 18
7/23/03 A 145 NNE-24 0.6 0.00 17
8/8/03 A 682 N-19 0.9 0.00 19
8/9/03 A 250 NNE-19 0.3 0.00 23
8/10/03 A 15* ESE-13 0.1 0.00 23
8/11/03 A 439 N-21 0.6 0.00 19
8/12/03 A 449 NE-16 0.6 0.00 20
8/13/03 A 52* E-10 0.3 0^0 22
8/27/03 A 471 NNE-16 0.9 0.00 22
8/28/03 A 17* SSE-21 0.6 0.00 22
8/29/03 A 487 E-11 0.0 2.26 22
* Single sample result was within USEPA guidelines, but 5-day geometric mean was exceeded and the 
beach remained under advisory= Type I error. [For wind vector, V = variable]
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Water quality failures vs. environmental parameters (2004).
ADVISORIES/CLOSURES VERSUS ENVIRONMENTAL PARAMETERS - 2004
NORTHBEACH
Date
Advisory (A) 
or
Closure (|H)
E. coli 
concentration 
(MPN/100 mL) 
[composite]
Wind 
Vector - 
Speed 
(kmph)
Wave
Height
(m)
Precipitation 
(previous 24-hr 
period) 
(cm)
Surface
Water
Temp.
(C)
6/17/04 A 389 N -  16 0.5 3.15 20
6/24/04 A 272 S W - 16 0.2 1.45 14
7/26/04 A 388 N E - 16 0.3 0.00 22
7/29/04 A 495 S -3 7 0.5 0.00 22
7/30/04 A 161* SW - 16 0.2 0.00 20
7/31/04 A 521 SW - 13 0.5 0.00 21
8/1/04 A 426 S W -24 0.3 0.00 21
8/2/04 A 221* N W -21 0.0 0.00 20
8/4/04 1 24192 N E -2 4 0.9 3.40 20
8/5/04 1 1017 N E -2 9 0.8 0.03 19
8/6/04 A 122* E - 13 0.3 0.00 21
8/7/04 A 295 W - 16 0.2 0.00 21
8/8/04 A 231 SSW -1 9 0.6 0.00 21
8/11/04 A 699 W -2 1 0.3 0.00 19
8/17/04 A 836 N W -8 0.3 3.00 19
8/23/04 A 605 N N E -21 0.9 0.00 16
8/24/04 A 341 SE - 19 0.9 0.00 19
8/25/04 E 4352 S -  14 0.3 0.99 16
8/26/04 A 183* SSW - 11 0.3 0.03 17
8/27/04 A 1* SW - 13 0.3 0.64 18
8/28/04 A 472 NNE - 24 0.9 0.61 16
8/29/04 A 110* N N W -21 0.9 0.00 17
ZOO BEACH
6/17/04 1 3448 N-16 0.5 3.15 21
7/26/04 A 504 NE - 16 0.3 0.00 22
7/29/04 A 441 S -3 7 0.5 0.00 22
7/31/04 A 591 SW - 13 0.5 0.00 21
8/1/04 A 441 S W -2 4 0.3 0.00 21
8/2/04 A 74* N W -21 0.0 0.00 20
8/4/04 1 17329 N E -2 4 0.9 3.40 20
8/5/04 A 605 N E -2 9 0.8 0.03 19
8/6/04 A 63* E - 13 0.3 0.00 21
8/7/04 A 86* W - 16 0.2 0.00 21
8/8/04 A 233* SSW - 19 0.6 0.00 21
8/9/04 A 52* S W - 2 6 0.2 0.00 21
8/11/04 A 581 W - 2 1 0.3 0.00 19
8/17/04 1 1576 N W - 8 0.3 3.00 19
8/25/04 1 1414 S -14 0.3 0.99 16
9/1/04 A 246 S - 8 0.2 0.00 20
* Single sample result was within USEPA guidelines, but 5-day geometric mean was exceeded and the 
beach remained under advisory = Type I error. [For wind vector, V = variable]
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Calculation o f USEPA Risk Factor, 2002 -  2004
Calculation of USEPA risk factor at North and Zoo Beaches in 2002 as a function of the rolling 5-day 
GM based on daily (Monday -  Friday) measurements o f E. coli in compliance samples [NOTE: It is 
necessary to obtain five consecutive days worth of data before calculating the 5-day GM (represented
MICROBIAL ASSESSMENT OF RACINE BEACHES - 2002
DATE
North Beach 
E. coli 
MPN/100 ml
North 
Beach 
5-Day GM
EPA
RISK
FACTOR DATE
Zoo Beach 
E. coli 
MPN/100 ml
Zoo
Beach
5-Day
GM
EPA
RISK
FACTOR
6/3/2002 106 6/3/2002 102
6/4/2002 1238 6/4/2002 m 9 6
6/5/2002 1055 6/5/2002 1379
6/6/2002 355 6/6/2002 637
6/7/2002 6 195 10 6/7/2002 11 412 13
6/8/2002 17 135 8 6/8/2002 41 343 12
6/9/2002 11 52 4 6/9/2002 4 68 5
6/10/2002 50 28 2 6/10/2002 14 27 2
6/11/2002 40 18 0 6/11/2002 31 15 -1
6/12/2002 28 25 1 6/12/2002 59 21 1
6/13/2002 14 24 1 6/13/2002 28 19 0
6/14/2002 2 18 0 6/14/2002 6 21 1
6/17/2002 19 14 -1 6/17/2002 10 20 0
6/18/2002 21 13 -1 6/18/2002 7 15 -1
6/19/2002 157 18 0 6/19/2002 79 15 -1
6/20/2002 20 19 0 6/20/2002 38 17 0
6/21/2002 116 43 4 6/21/2002 7 17 0
6/24/2004 1 24 1 6/24/2004 1 11 -2
6/25/2004 5 18 0 6/25/2004 12 12 -2
6/26/2004 33 13 -1 6/26/2004 6 7 -4
6/27/2004 3 9 -3 6/27/2004 23 6 -4
6/28/2004 13 6 -4 6/28/2004 11 7 -4
7/1/2002 12 10 -2 7/1/2002 5 10 -2
7/2/2002 12 12 -2 7/2/2002 1 6 -4
7/3/2002 28 12 -2 7/3/2002 9 7 -4
7/5/2002 17 17 0 7/5/2002 84 9 -3
7/8/2002 5 14 -1 7/8/2002 4 7 -4
7/9/2002 1399 36 3 7/9/2002 1129 22 1
7/10/2002 43 43 4 7/10/2002 92 51 4
7/11/2002 11 36 3 7/11/2002 20 60 5
7/12/2002 33 41 3 7/12/2002 38 51 4
7/15/2002 10 47 4 7/15/2002 55 85 6
7/16/2002 49 24 1 7/16/2002 38 43 4
7/17/2002 27 22 1 7/17/2002 16 30 2
7/18/2002 76 32 2 7/18/2002 75 39 3
7/19/2002 181 45 4 7/19/2002 117 49 4
7/20/2002 11 46 4 7/20/2002 21 40 3
7/21/2002 11 34 3 7/21/2002 19 35 3
7/22/2002 32 35 3 7/22/2002 11 33 3
7/23/2002 r 487 51 4 7/23/2002 558 30 4
7/24/2002 48 39 3 7/24/2002 34 39 3
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DATE
North Beach 
E. coli 
MPN/100 ml
North 
Beach 
5-Day GM
EPA
RISK
FACTOR DATE
Zoo Beach 
E. coli 
MPN/100 ml
Zoo
Beach
5-Day
GM
EPA
RISK
FACTOR
7/25/2002 22 45 4 7/25,^002 25 40 3
7/26/2002 117 72 6 7/26/2002 1917 101 7
7/27/2002 46 177 9 7/27/2002 88 152 9
7/28/2002 29 44 4 7/28/2002 30 85 6
7/29/2002 46 44 4 7/29/2002 19 75 6
7/30/2002 36 48 4 7/30/2002 7 58 5
7/31/2002 25 35 3 7/31/2002 3 16 0
8/1/2002 284 51 4 8/1/2002 88 16 0
8/2/2002 170 73 6 8/2^002 232 24 1
8/3/2002 3 42 4 8/3/2002 15 23 1
8/4/2002 40 43 4 8/4/2002 113 41 3
8/5/2002 121 59 5 8/5/2002 60 73 6
8/6/2002 188 54 5 8/6/2002 297 93 7
8/7/2002 9 30 2 8/7/2002 3 38 3
8/8/2002 13 40 3 8/8/2002 3 28 2
8/9/2002 689 71 6 8/9/2002 311 34 3
8/10/2002 175 76 6 8/10/2002 622 54 5
8/11/2002 44 57 5 8/11/2002 40 36 3
8/12/2002 88 91 7 8/12/2002 102 75 6
8/13/2002 131 144 9 8/13/2002 109 153 9
8/14/2002 340 125 8 8/14/2002 558 172 . 9
8/15/2002 26 85 6 8/15/2002 53 105 7
8/18/2002 17 71 6 8/18/2002 36 103 7
8/19/2002 110 74 6 8/19/2002 76 97 7
8/20/2002 23 52 4 8/20/2002 83 92 7
8/21/2002 65 37 3 8/21/2002 190 74 6
8/22/2002 261 59 5 8/22/2002 210 98 7
8/23/2002 55 75 6 8/23/2002 81 115 8
8/24/2002 67 68 5 8/24/2002 51 106 7
8/26/2002 15 63 5 8/26/2002 17 77 6
8/27/2002 38 56 5 8/27/2002 39 56 5
8/28/2002 23 35 3 8/28/2002 21 36 3
8/29/2002 22 29 2 8/29/2002 139 40 3
8/30/2002 45 27 2
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Calculation of USEPA risk factor at North and Zoo Beaches in 2003 as a function of the rolling 5-day 
GM based on daily (Monday -  Friday) measurements o f E. coli in compliance samples. [NOTE: It is 
necessary to obtain five consecutive days worth o f data before calculating the 5-day GM (represented
MICROBIAL ASSESSMENT OF RACINE BEACHES - 2003
DATE
North Beach 
E. coli 
MPN/100 ml
North 
Beach 
5-Day GM
EPA
RISK
FACTOR DATE
Zoo Beach 
E. coli 
MPN/100 ml
Zoo Beach 
5-Day GM
EPA
RISK
FACTOR
5/27/2003 4 5/27/2003 2
5/28/2003 6 5/28/2003 3
5/29/2003 409 5/29/2003 281
5/30/2003 12 5/30/2003 10
6/2/2003 1 10 -2 6/2/2003 2 8 -3
6/3/2003 48 17 0 6/3/2003 17 13 -1
6/4/2003 6 17 0 6/4/2003 3 12 -2
6/5/2003 3 6 -4 6/5/2003 1 4 -6
6/6/2003 38 8 -3 6/6/2003 9 4 -6
6/9/2003 4 10 -2 6/9/2003 1 3 -7
6/10/2003 41 10 -2 6/10/2003 260 6 -4
6/11/2003 119 19 0 6/11/2003 101 12 -2
6/12/2003 34 30 2 6/12/2003 350 38 3
6/13/2003 2 17 0 6/13/2003 1 25 1
6/14/2003 1 17 0 6/14/2003 1 25 1
6/16/2003 1 13 -1 6/16/2003 1 8 -3
6/17/2003 2 7 -4 6/17/2003 1 3 -7
6/18/2003 2 3 -7 6/18/2003 2 1 -12
6/19/2003 38 3 -7 6/19/2003 32 2 -9
6/20/2003 30 5 -5 6/20/2003 32 5 -5
6/23/2003 7 8 -3 6/23/2003 9 7 -4
6/24/2003 12 11 -2 6/24/2003 5 10 -2
6/25/2003 29 19 0 6/25/2003 17 15 -1
6/26/2003 11 15 -1 6/26/2003 2 15 -1
6/27/2003 3 10 -2 6/27/2003 1 4 -6
6/28/2003 1683 29 2 6/28/2003 1 4 -6
6/29/2003 45 38 3 6/29/2003 1 4 -6
6/30/2003 9 30 2 6/30/2003 7 4 -6
7/1/2003 48 40 3 7/1/2003 2 4 -6
7/2/2003 43 68 5 7/2/2003 11 3 -7
7/3/2003 161 43 4 7/3/2003 123 7 -4
7/4/2003 1177 82 6 7/4/2003 1266 30 2
7/5/2003 41 109 7 7/5/2003 10 32 2
7/6/2003 196 145 9 7/6/2003 202 80 6
7/7/2003 122 179 9 7/7/2003 274 154 9
7/8/2003 117 168 9 7/8/2003 360 190 10
7/9/2003 444 138 8 7/9/2003 215 134 8
7/10/2003 37 136 8 7/10/2003 11 136 8
7/11/2003 6 67 5 7/11/2003 3 57 5
7/14/2003 1 25 1 7/14/2003 2 22 1
7/15/2003 97 25 1 7/15/2003 76 16 0
7/16/2003 2 8 -3 7/16/2003 34 11 -2
7/17/2003 11 6 -4 7/17/2003 5 9 -3
7/18/2003 26 9 -3 7/18/2003 89 19 0
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DATE
North Beach 
E. coli 
MPN/100 ml
North 
Beach 
5-Day GM
EPA
RISK
FACTOR DATE
Zoo Beach 
E. coli 
MPN/100 ml
Zoo Beach 
5-Day GM
EPA
RISK
FACTOR
7/21/2003 284 27 2 7/21/2003 56 36 3
7/22/2003 343 35 3 7/22/2003 592 54 5
7/23/2003 145 83 6 7/23/2003 133 71 6
7/24/2003 10 81 6 7/24/2003 2 61 5
7/25/2003 5 59 5 7/25/2003 7 36 3
7/28/2003 39 39 3 7/28/2003 48 35 3
7/29/2003 7 18 0 7/29/2003 5 13 -1
7/30/2003 25 13 -1 7/30/2003 41 11 -2
7/31/2003 68 19 0 7/31/2003 50 20 0
8/1/2003 28 26 2 8/1/2003 67 31 2
8/4/2003 49 28 2 8/4/2003 15 25 1
8/5/2003 17 33 3 8/5/2003 2 21 1
8/6/2003 45 37 3 8/6/2003 13 17 0
8/7/2003 325 51 4 8/7/2003 46 16 0
8/8/2003 471 89 7 8/8/2003 682 26 2
8/9/2003 186 117 8 8/9/2003 211 45 4
8/10/2003 21 121 8 8/10/2003 15 66 5
8/11/2003 402 188 10 8/11/2003 439 134 8
8/12/2003 353 191 10 8/12/2003 449 211 10
8/13/2003 37 115 8 8/13/2003 52 126 8
8/14/2003 37 33 3 8/14/2003 2 50 4
8/15/2003 51 100 7 8/15/2003 34 60 5
8/18/2003 6 43 4 8/18/2003 25 34 3
8/19/2003 4 18 0 8/19/2003 21 18 0
8/20/2003 11 14 -1 8/20/2003 23 15 -1
8/21/2003 9 10 -2 8/21/2003 7 19 0
8/22/2003 21 9 -3 8/22/2003 23 18 0
8/25/2003 3 8 -3 8/25/2003 1 10 -2
8/26/2003 9 9 -3 8/26/2003 11 9 -3
8/27/2003 330 17 0 8/27/2003 471 16 0
8/28/2003 16 20 0 8/28/2003 17 20 0
8/29/2003 300 33 3 8/29/2003 487 36 3
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Calculation of USEPA risk factor at North and Zoo Beaches in 2004 as a function of the rolling 5-day 
GM based on daily (Monday -  Friday) measurements o f E. coli in compliance samples. [NOTE; It is 
necessary to obtain five consecutive days worth o f data before calculating the 5-day GM (represented 
by grey area on table)]
MICROBIAL ASSESSMENT OF RACINE BEACHES - 2004
DATE
North Beach 
E. coli 
MPN/100 ml
North Beach 
5-Day GM
EPA
RISK
FACTOR DATE
Zoo Beach 
E. coli 
MPN/100 ml
Zoo Beach 
5-Day GM
EPA
RISK
FACTOR
5/27 20 5/27 20
5/28 63 5/28 85
6/1 41 6/1 20
6/2 41 6/2 10
6/3 31 37 3 6/3 52 28 2
6/4 52 44 4 6/4 20 28 2
6/7 1 19 0 6/7 10 18 0
6/8 1 9 -3 6/8 1 10 -2
6/9 1 4 -6 6/9 1 6 -4
6/10 118 6 -5 6/10 110 7 -4
6/11 94 6 -4 6/11 121 11 -2
6/14 10 10 -2 6/14 1 7 -4
6/15 31 20 1 6/15 1 7 -4
6/16 1 20 1 6/16 1 7 -4
6/17 389 26 2 6/17 3448 13 -1
6/18 63 24 1 6/18 63 12 -2
6/21 1 15 -1 6/21 1 12 -2
6/22 62 17 0 6/22 41 25 1
6/23 20 31 2 6/23 1 25 1
6/24 272 29 2 6/24 97 12 -2
6/25 1 13 -1 6/25 1 5 -5
6/28 10 20 1 6/28 31 10 -2
6/29 20 16 0 6/29 1 5 -5
6/30 20 16 0 6/30 10 8 -3
7/1 110 13 -1 7/1 41 7 -4
7/2 120 35 3 7/2 97 17 0
7/6 86 54 5 7/6 85 20 1
7/7 97 74 6 7/7 20 37 3
7/8 121 106 7 7/8 10 37 3
7/9 52 91 7 7/9 20 32 2
7/12 135 93 7 7/12 20 23 1
7/13 110 98 7 7/13 20 17 0
7/14 10 62 5 7/14 1 10 -2
7/15 31 47 4 7/15 41 13 -1
7/16 109 55 5 7/16 98 17 0
7/19 1 21 1 7/19 10 15 -1
7/20 74 19 0 7/20 63 19 0
7/21 41 25 1 7/21 74 45 4
7/22 97 32 2 7/22 41 45 4
7/23 203 36 3 7/23 1 18 0
7/26 388 118 8 7/26 504 40 3
7/27 20 91 7 7/27 1 17 0
7/28 122 113 8 7/28 31 14 -1
7/29 495 157 9 7/29 441 23 1
7/30 161 150 9 7/30 183 66 5
7/31 521 159 9 7/31 591 68 5
8/1 426 293 11 8/1 441 231 10
8/2 221 330 12 8/2 74 274 11
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DATE
North Beach 
E. coli 
MPN/100 ml
North Beach 
5-Day GM
EPA
RISK
FACTOR DATE
Zoo Beach 
E. coli 
MPN/100 ml
Zoo Beach 
5-Day GM
EPA
RISK
FACTOR
8/3 1 95 7 8/3 1 81 6
8/4 24192 260 11 8/4 17329 202 10
8/5 1017 297 12 8/5 605 203 10
8/6 122 231 10 8/6 63 137 8
8/7 295 245 11 8/7 86 142 8
8/8 231 728 15 8/8 233 421 13
8/9 1 97 7 8/9 52 132 8
8/10 98 61 5 8/10 98 92 7
8/11 699 86 6 8/11 581 143 9
8/12 41 58 5 8/12 20 107 7
8/13 1 19 0 8/13 1 36 3
8/16 1 19 0 8/16 1 16 0
8/17 836 30 2 8/17 1576 28 2
8/18 122 21 1 8/18 20 14 -1
8/19 63 23 1 8/19 185 23 1
8/20 1 23 1 8/20 1 23 1
8/23 605 83 6 8/23 231 67 5
8/24 341 69 6 8/24 134 41 3
8/25 4352 141 8 8/25 1414 96 j 7
8/26 183 175 9 8/26 52 74 6
8/27 1 175 9 8/27 1 74 6
8/28 472 167 9 8/30 63 57 5
8/29 110 133 8 8/31 52 47 4
8/30 98 62 5 9/1 246 33 3
8/31 52 48 4 9/2 10 24 1
9/1 118 126 8 9/3 1 24 1
9/2 1 37 3
9/3 98 36 3
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Completed Sanitary Surveys (North and Zoo Beaches)
Completed sanitary survey form for North Beach (2003).
BEACH NAME: NORTH BEACH DATE OF SURVEY: 6-11-2003 
LENGTH (m): 828 WIDTH (average - m): 173
WIDTH N1 (m): 218 WIDTH N2 (m): 190
WIDTH N3 W : 159 WIDTH N 4 W : 128
RESPONSIBLE AUTHORITY: City of Racine OWNER: City of Racine 
COUNTY: Racine STATE: WI
LABORATORY : Racine Health Department Laboratory DISTANCE TO LABORATORY : 2.0 miles 
DESCRIPTION OF AREA BEHIND BEACH:
The beach runs up to a concrete barrier wall of approx. 1 m height. Beyond the wall is a sidewalk & access road (Hoffetrt Dr.). 
There is a steep grassy slope directly behind the access road that terminates at Michigan Blvd. Urban area mainly consisting of 
single family dwellings. A storm sewer exits directly onto the beach. The collecting area for this storm sewer consists of a large 
urban area including multiple single family dwellings, 2-family homes, apartment complexes, businesses and several large 
schools.
ACCESSIBILITY:
Road-nrnfor Road-minor Track/Steps Boat No Access
BEACH FACILITIES:
Toilets 1 men 
1 women
Drinking water 1 fountain Lifeguards 4 stands Water quality 
signs
5
Litter bins 4 Showers 1 men 
1 women
Bars 1 Hotels 0
Restaurants 1 Changing areas 1 men 
1 women
Children’s play 
area
1 Diving
platforms
0
Designated 
bathing areas
1 (N2,N3) Swim safety 
warnings
1 Car parks 2 Picnic area 1
BEACH MATERIAL -  ('percentaee cover):
Sand 98% Gravel 2% Stone 0 Rock 0
LITTER SURVEY:
Debris 
(% cover)
0 Algae 
(% cover)
0 Oil
(% cover)
0 Tar Balls 
(number)
0
ESTIMATE OF BATHER NUMBERS PER DAY: (Yr : 50 - 300)
Average for 78 Main holiday 78 Weekends 97 Out of season N/A
season season
BATHING ZONE: Slope: gentle or steep 
data)
USES:
Average water temp (C): 18 C (2002 data) Average air temp (C): 24 C (2002
Swimming X Angling X Windsurfing X Jetskiing X
Boating X Surfing Yachting Diving
WATER QUALITY IMPNIOO m il DATE: 6-11-03
E. coli 119 MPN/100 ml Enterococci N/A
POTENTIAL INFLUENCES ON WATER QUALITY
Sewage Storm 1 Pipes/ 6 Rivers/ X Harbor X
outfalls Drains Drain
tiles
streams
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Completed sanitary survey form for Zoo Beach (2003).
BEACH NAME: ZOO BEACH DATE OF SURVEY: 6-11-03 
LENGTH (m): 809 WIDTH (average - m): 92
WIDTH Z1 (m): 81 WIDTH Z2 (m): 104
WIDTH Z3 (m): 90
RESPONSIBLE AUTHORITY: City of Racine OWNER: City of Racine 
COUNTY: Racine STATE: Wisconsin
LABORATORY : Racine Health Department Laboratory DISTANCE TO LABORATORY : 2.5 miles 
DESCRIPTION OF AREA BEHIND BEACH:
The area directly behind the beach consists of a steep, wooded slope. There is a major road running parallel to a portion of the 
slope. Zoo beach is located below the Racine Zoological Gardens, the Lakeview Community Center and a city park. The larger 
surrounding area is an urban area consisting mainly of several small businesses and single family dwellings.
ACCESSIBILITY:
Road-major Road-minor Track/Steps X Boat X No Access
BEACH FACILITIES:
Toilets Drinking water Lifeguards 3 Water quality 
signs
4
Litter bins 3 Showers Bars Hotels
Restaurants Changing areas Children’s play 
area
Diving
platforms
Designated 
bathing areas
1 (Z2,Z3) Swim safety 
warnings
4 Car parks Picnic areas
BEACH MATERIAL -  Cpercentage cover!:
Sand 90% Gravel 10% Stone 0 Rock 0
LITTER SURVEY:
Debris 
(% cover)
0 Algae 
(% eover)
0 Oil
(% cover)
0 Tar Balls 
(number)
0
ESTIMATE OF BATHER NUMBERS PER DAY: (Yr. 25 - 75)
Average for 23 Main holiday 23 Weekends 33 Out of season N/A
season season
BATHING ZONE: Slope: gentle or steep Average water temp (C): 18 C (2002 data) Average air temp (C): 23 C (2002 
data)
USES:
Swimming X Angling X Windsurfing X Jetskiing X
Boating X Surfing Yachting Diving
WATER QUALITY (MPN/100 mlsL DATE: 6-11-03
E. coli 101 MPN/100 ml Enterococci N/A
POTENTIAL INFLUENCES ON WATER QUALITY
Sewage 0 Storm 1 Pipes/ Rivers/ 1 Harbor 1
outfalls Drains drains streams
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